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VI ion. The evaluation problem is compounded by the availability of numerous

"proprietary" S/S mixes. This paper describes a study in which eight formula-
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13. (Concluded).

The Toxicity Characteristic Leaching Procedure (TCLP) and the first extraction
of the Monofilled Waste Extraction Procedure (MWEP-l) were used to evaluate
contaminant release and were performed by Radian, Inc.

In general, all vendor formulations and the generic formulation resulted
in significant improvements in the physical strength and durability properties
of the soil.

The results of contaminant release testing were less encouraging. Neither
the generic formulation nor the vcndor-supplied formulations produced a prod-
uct capable of meeting the stringent 0.05-mg/L goal set for the MWEP-l. All
formulations satisfied the TCLP goal of 5.0 mg/L. However, several formula-
tions appeared to increase the mobility of chromium.

14. (Concluded).
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PREFACE
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CONVERSION FACTORS, NON-SI TO SI .1
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

units as follows:

Multiply By To Obtain

acres 4,046.873 square meters

cubic feet 0.02831685 cubic meters

degrees (angle) 0.01745329 radians

Fahrenheit degrees 5/9 Celsius degrees or kelvins*

feet 0.3048 meters

gallons (US liquid) 3.785412 liters

inches 2.54 centimeters

miles (US statute) 1.609347 kilometers

pounds (force) 6.894757 kilopascals
per square inch

pounds (mass) 0.4535924 kilograms

pounds (mass) per 16.01846 kilograms per
cubic foot cubic meter

quarts (US liquid) 0.9463529 liters

square inches 6.4516 square centimeters

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
use the following formula: C - (5/9)(F - 32). To obtain Kelvin (K) read-
irigs, use: K - (5/9)(F - 32) + 273.15.
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AN EVALUATION OF SOLIDIFICATION/STADILIZATION FOR TREATING

CONTAMINATED SOILS FROM THE FRONTIER HARD CHROME SITE

PART I: INTRODUCTION

Background

1. Frontier Hard Chrome (FHC) site is an inactive industrial facility

located at 113 Y Street, Vancouver, Clark County, Washington. Figure 1 shows

the general location of the 0.5-acre* site, which is bordered to the east by

Grand Avenue, to the south by Richardson Metal Works, and to the west by

Y Street. Contamination of the site is the result of industrial chrome-

plating operations conducted for a period of 25 years. From 1958 to 1983, the

site was used for metal-plating operations for several metal fabricators in

the Vancouver area. After that time, the FHC facility and the surrounding

area were leased to neighboring businesses.

2. From 1958 to 1970 the site was used by Pioneer Plating, and from

1970 until 1983 it was used by FHC. During FHC operations, effluent from the

facility was discharged to the sanitary sewer system. In 1975, the Washington

Department of Ecology (WDOE) halted further dis-harges into the sewer system

and required FHC to install a pretreatment system for chromium. At that

point, FHC began discharging the effluent into the dry well located behind the

FHC building.

3. In 1976, FHC was issued a wastewater treatment permit by WDOE to

discharge waters to the dry well; the permit included a plan for chromium

treatment systems to be installed. However, KIC did not install a treatment

system and continued to discharge wastewaters to the dry well.

4. In 1982, after extensions of the deadline for installation of the

treatment system had passed, it was found that an industrial supply well

0.25 mile southwest of the FEC site was contaminated with chromium at levels

above the drinking water standard of 0.05 mg/L. The WDOE granted FHC a new

deadline for compliance with the wastewater treatment permit requirements.

FHC again failed to meet the deadline for installation of a treatment system.

In 1983, the FHC site was placed on the National Priority List (NPL) under the

* A table of factors for converting non-SI units of measurement to SI units

is presented on page 7.
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Comprehensive Environmental Response Compensation and Liability ACT (CERCLA).

industrial operations at the FHC site ceased.

5. The USEPA authorized the WDOE to begin investigating the cleanup of

the FHC site under the Superfund progra'.. In 1987, WDOE contracted with Dames

& Moore to conduct a feasibility study for remediation of the FHC site. In

1987, a Record oC Decision (ROD) was issued concerning soil contamination at

the site. In March 1988, the US Environmental Protection Agency (USEPA)

regained the lead control of cleanup investigations at the FHC site and con-

tracted with the US Army Engineer District, Kansas City (CEM~R), to aid in the

investigation.

6. The contamination of the site is divided into two units: a soils

unit and a groundwater unit. The soils unit is subdivided into two types of

material, a fill and a clay. Primary contaminants of interest are chromium

(VI) and chromium (III). Contamination at depths up to 16 ft has been

identified. Table 1 lists the major soil contaminants found at the FHC site,

as documented in the remedial investigation conducted by the WDOE in the fall

of 1984.

Solidification/Stabiliz-ation

Description

7. Solidification/stabilization (S/S) is a process that involves the

mixing of a contaminated soil with a binder material to enhance the physical

and chemical p.operties of the soil and to chemically bind any free liquid

(USEPA 1986b). Typically, the binder is a cement, pozzolan, or thermoplastic.

Proprietary additives may also be added. In most cases, the S/S process is

changed to accommodate specific contaminants and soil matrices. Since it is

not possible to discuss all possible modifications to a S/S process, discus-

sions of mosz S/S processes have to be related directly to generic process

types. The performance observed for a specific S/S system may vary widely

from its generic type, bu- the general characteristics of a process and its

products are usually similar. Ccmprehensive general discussions of waste S/S

processes are given in Malone and Jones (1979), Malone, Jones, and Larson

(1980), and USEPA (1986c).

Ij 1



Table 1

Concentration of Chromium in F1C Soils in Analysis Conducted

in the RI

Soil Sample Depth Total Cr(VI)
Desiaiatlon ft Cr. Pm ppm % Cr(VI)

B85-2 0-1.5 40 0.5 1
5-6.5 15 <0.5
10-10.5 90 5 6
15-16.5 44 NA
20-21(b) 340 110 32
20-21(b) 350 88 25
25-25.3 110 18 16
29-29.8 46 4.0 9
33.5-33.8 34 NA

B85-3 0-1.5 1,400 41 3
5-6.5 970 16 2
10-10.5 150 5.5 4
15-16.5(b) 25 <0.5
15-16.5(b) 31 <0.5
20-21.5(b) 230 <0.5
20-21.5(b) 160 <0.5
25-25.5 65 <0.5
29-29.3 23 <0.5

B85-4 0-1.5 12 <0.5
5 12 1.5 13
10-11.5 6 <0.5
15-16.5(b) 8 <0.5
15-16.5(b) 7 <0.5
20-21(b) 51 <0.5
20-21(b) 38 <0.5

B85-5 0.5-2.0 75 <0.5
10-11 55 <0.5
15-16.5(b) 200 1.5 1
15-16.5(b) 210 2.5 1
25 63 0.5 1
30 30 <2.5

B85-6 0-1.5 25 <2.5
5-6.5 24 <2.5
10-11.5 35 <0.5
15-16.5(b) 190 <2.5
15-16.5(b) 180 <0.5
20-21.5(b) 200 1.5 1
20-21.5(b) 200 1.5 1
25 67 <0.5
30 43 0.5

(Continued)

(Sheet 1 of 3)
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Table 1 (Continued)

Soil Sample Depth Total Cr(VI)

Desi 2Dnatio ft L.R DRM m

B87-8 0-1 22 <0.5

13 50 <0.5

14 39 <0.5

19.5 28 <0.5

B87-9 1.5 37 0.6 2

12.5 12 <0.5

19.5(b) 40 0.6 2

19.5(b) 38 0.6 2

24.5 21 <0.5

B87-10 0.5 430 <0.5

7.5 28 0.6 2

12.5(b) 41 0.6 1

12.5(b) 44 0.5 1

16.5 56 0.6 1

20.5 45 0.7 2

B87-11 16 17,000 750 4

16.5 12,000 470 4

17.5 3,100 67 2

PW-IA 18.5 20 NA

PW-IB 17.5 88 NA

S7 1 6,900 540 8

2 2,000 170 9

3 1,200 67 6

S8 1 3,900 300 8

2 12,000 430 4

3 9,200 430 5

S9 1 610 2.3 0

2 700 3.5 1

SlO 1 360 2.4 1

2 26 0.3 1

3 15 0.2 1

S-l-1 1 590 61 10

S-1-3 3 300 NA

S-2-1 6,200 1,300 21

S.3-1 6,500 400 6

S-3-3 3 230 NA

S-4-1 1 23 0.2 1

S-4-3 3 10 NA

(Continued)
(Sheet 2 of 3)
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Table 1 (Concluded)

Soil Sample Depth Total Cr(VI)
Desi$,mation ft C._ % Cr(VI)

S-5-2 2 330 4.8 1

S-5-4 4 160 22 14

s-6-2 2 7,800 950 12

5-6-3 1/2 3.5 4,100 1,200 29

(Sheet 3 of 3)
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5/S treatment systems

8. Solidification/stabilization systems that have potential

application to the FHC soils include:

A. Portland cement processes,

b. Pozzolan processes.

9. Portland cement processes use Portland cement to produce a type of

soil/concrete composite. Contaminant migration is reduced by microencapsula-

tion of the contaminants in the concrete matrix. The addition of soluble

silicates to Portland cement processes may accelerate hardening. As with

lime/fly ash and other pozzolanic systems, metals are also converted to less

soluble forms.

10. Pozzolanic processes use the finely divided, noncrystalline silica

in fly ash and the calcium in lime to produce low-strength cementation. Waste

containment is produced by entrapping the waste in the pozzolan concrete

matrix (microencapsulation). Metals are also converted to less soluble forms

that further inhibit leaching.

0biective and Scope of Study

General objective

11. The general objectives of this study were to

.. Determine the effects of S/S techniques on contaminated soils
from the FHC site.

b. Evaluate the physical and chemical properties of the
solidified/stabilized soils to determine if S/S techniques will
substantially reduce the chromium (VI) to chromium (III),
reduce the amount of contaminants in the leachate, and improve
the physical handling properties of the soil.

Specific objective

12. The specific objective of this treatability study was to develop

S/S formulations (one for each type of soil) that, if incorporated in a reme-

dial soil S/S treatment action at the site, will effectively eliminate leach-

ing of chromium from the soils and consequently protect groundwater from

further degradation. The following treatment goals were established for the

S/S process:

a. The treated soils should have a minimum unconfined compressive
strength (UCS) of 50 psi, or the minimum defined by local
building codes, whichever is greater.

14



b. Chromium in the Toxicity Characteristic Leaching Procedure
(TCLP) extracts of treated soils should not exceed 5.0 mg/L.

c. Chromium concentrations in one extraction of the Monofilled
Waste Extraction Procedure (MWEP-I) extracts should not exceed

0.05 mg/L.

j. The permeability of the treated soils should be at least two
orders of magnitude less than the permeability of the untreated
soils. The goal of the treatment process is to achieve perme-
ability values of 1 x 10-8 cm/sec.

e. The treated soil should exhibit high wet/dry durability. Loss
of 30 percent solids after 12 cycles constitutes failure.

Orzanization of Report

13. This report is divided into four basic sections:

A. Part I briefly describes the background for this study and
introduces the concept of S/S.

k. Part II describes the methods used for sampling, treatment, and
testing of the contaminated soil.

c. Parts III and IV describe the results of physical and
contaminant mobility testing of the S/S soil.

d. Part V presents conclusions and recommendations based on the
results of the testing program.

14. Additional information on the study methods and test results is

presented in seven appendixes: initial screening test by WES (Appendix A),

results of physical tests on untreated fill and untreated clay (Appen-

dixes B and C), results of physical and chemical tests on treated fill and

treated clay (Appendixes D and E), and Radian, Inc., laboratory procedures

(Appendix F).

15



PART II: MATERIALS AND METHODS

General Approach to the Investigation

15. This investigation was conducted in the six primary phases sum-

marized below and illustrated in Figures 2-4.

a. Phase I: Idpntification of Vendors, CEMRK advertised in the
Commerce Business Daily (27 February 1990) for vendors inter-
ested in participating in an evaluation of S/S technology for
application to contaminated soils collected from the FHC site.
Forty-three vendors responded to the initial advertisement.
Following the exchange of fact sheets, seven vendors agreed to
participate in the study. In addition, the WES participated as
an eighth "vendor" by preparing a generic S/S mix.

b. Phase I1: Sample Collection, Five gallons each of clay and
fill material were shipped to six vendors and WES for pre-
testing. Vendor 4 did not receive samples because of logisti-
cal problems within their laboratory. Samples of contaminated
fill and clay were collected and shipped to WES by Radian, Inc.
(the CEMiRK contractor), for the vendor demonstration.

-q. Phase III: Preliminary Testing. Vendors performed preliminary
tests to determine the additives and additive-to-soil ratios
(ASR, a fraction based on wet weight) for preparation of the
specimens at WES. The preliminary testing results for the
vendors are not presented. WES conducted a preliminary inves-
tigation that included an evaluation of binders and a chromium
reduction study (CRS). The results are presented in a later
section.

d. Phase IV: Preparation of Test Specimens for Detailed Evalua-
t.ion Test specimens for detailed evaluation of solidified/
stabilized fill and clay were prepared by WES and vendors.

1. Phase V: Detailed Evaluation, Physical characteristics of the
treated soil were evaluated by WES using the UCS, bulk density,
permeability, slump, bleed water, cracking, moisture content,
specific gravity, set time, and wet/dry tests. Contaminant-
release tests were conducted by Radian, Inc., using the TCLP
and MWEP-I. Radian, Inc., also conducted bulk chemistry
analyses.

L. Tha,e VI: Data Analysis and Report Preparation, Data from WES
and Radian, Inc., were consolidated and evaluated.

16
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Figure 3. Schematic of S/S treatability study for clay

were shipped to each vendor for development of their S/S process. Clay andi

fill (255 gal each) were collected and shipped to WES, Upon receipt at WES,

the sample was placed in cold storage to await implementation of the S/S eval-

uation protocol.

17. Homogenization of the FHC fill and clay was conducted in the field

by P~idian, Inc., be-'ore shipment to the WES. Homogenization consisted of

manual mixing and mechanical mixing with an auger. The clay and fill arrived

at WES in 102 fivo-gallon buckets, i.e., 51 buckets of clay and 51 buckets of

fill. WES homogenized the fill manually and sieved the material through a

18
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Figure 4. Schematic of the S/S process

1/2-in, screen. Selection of a 1/2-in, screen was based upon the particle

sizes allowable for the molds to be used in physical testing. The clay was

not homogenized manually due to the texture of the material. The fill and

clay were separately placed into three 85-gal drums each and mixed with a

hydraulic mixer. Each set of three drums was intermixed twice and homogenized

with the hydraulic mixer for both the fill and clay.

18. To ensure that soils collected for S/S studies were in fact contam-

inated and for comparison of the results for treated soils, Radian, Inc.,

performed a MWgEP-I and a bulk chemical analysis on the untreated soils col-

lected at the sample points located as shown in Figure 5. Tables 2 and 3

present the results of these analyses for the fill and clay, respectively. i

Materials classI fication 
!

19. Clay and fill collected from the site were classified according to

US Geological Survey (USGS) classifications as sandy silt and sandy, silty

19
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Figure 5. Sample collection points on the FHC siter

gravel, respectively. USGS classifications for the clay and fill were MI- and

GM, respectively.

Preliminary Testing!•i

20. Six vendors and the WTES received fill and clay samples to conduct

preliminary testing before preparation of the specimens for detailed evalua- I

tion at WES. The results of the preliminary testing conducted by the vendors
were not reported; the methods and results of the WES preliminary tests are
presented in Appendix A. Vendor 4 did not receive samples for the preliminary[

testing; however, thi3 vendor did participate in the detailed evaluation ii

phase.•
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Table 2

Results of Chromium Analysis Conducted on Fill by Radian. Inc.,

for the Frontier Hard Chrome Site

Boring Soil Cr MWEP Cr Soil Cr(VI) MWEP Cr(VI)

No. mF-/Lg mg/L mg/kg mg!/L

RSB-l 51 0.007 ND* ND

RSB-2 11 0.003 0.12 ND

RSB-3 16 ND ND ND

RSB-4 24 ND 0.26 ND

RSB-5 6.3 0.011 ND 0.009

RSB-6 22 ND 0.16 ND

RSB-7 3,430 0.168 11 0.174

RSB-8 1,180 1.37 22 ND

RSB-9 62 0.054 0.71 0.053

RSB-10 180 0.239 24 0.206

RSB-11 5,200 0.719 150 --

RSB-12 170 0.063 0,15 ND

RSB-13 640 0.095 1.4 ND

RSB-14 420 ND 0.73 ND

RSB-15 19 0.004 0.08 ND

Large 1,570 0.395 32 0.354
boring

*.ot detected.
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Table 3

Results of Chromium A-a1ysis on Clay Conducted by R adan. Inc..

for the Frontier Hard Chrome Site

Boring Soil Cr MWEP Cr Soil Cr(VI) MWEP Cr(VI)

o. im /L nmgkgy--

RSB-1 47 0.005 ND* ND

RSB-2 23 ND 0.17 ND

RSB-3 31 ND ND ND

RSB-4 30 ND NP ND

RSB-5 37 ND ND ND

RSB-6 50 ND ND 0.008

RSB-7 640 0.405 1.7 0.372

RSB-8 1,100 0.134 3.2 0.120

RSB-9 66 0.013 0.1 ND

RSB-10 380 3.19 50 2.67

RSE-11 110 0.008 0.61 0.079

RSB-12 580 0.017 0.58 ND

RSB-13 44 0.007 0.19 ND

RSB-14 84 ND ND ND

RSB-15 33 ND 0.06 ND

Large 2,630 0.065 10 0.070

boring

* Not detected.
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Initial screening tests

21. The WES conducted preliminary tests that included minimum evalua-

tion of binders and water addition. The objectives of the initial screening

test were threefold: (a) to determine the appropriate water-to-soil ratio

(WSR), a fraction of water to wet soil; (b) to select the binder for prepara-

tion of specimens for detailed evaluation; and (c) to select the appropriate

ASR for detailed testing.

22. Although the clay and fill had considerable moisture content, it

was necessary to add water to the contaminated fill and clay for S/S to be

effective. Initial screening tests were conducted on a wide range of ASRs and

WSRs. The matrices of test specimens prepared for fill and clay during the

WES initial screening test are presented in Appendix A.

23. Determination of the appropriate WSR and ASR for preparation of

clay and fill specimens for detailed evaluation was based on the results of

the cone index (CI) test performed on the initial screening test specimens

after they had cured for 1, 4, 8, and 24 hr. The CI mcazures the resistance

of a material to the penetration of a 30-deg right circular cone. The method

specified in Technical Manual (TM) 5-530 was followed (Headquarters, Depart-

ment of the Army (HQDA) 1971). The CI value is reported as force per unit

surface area (pounds per square inch) of the cone base required to push the

cone through a test material at a rate of 72 in./min. Two cones are available

for this test: the standard WES cone having an area of 0.5 sq in. and the

airfield penetrometer having a base area of 0.2 sq in. It was necessary to

use the standard WES cone on material with a CI less than 100 psi and to use

the airfield penetrometer on materials with a CI greater than 100 psi. The

maximum CI value that can be measured by the airfield penetrometer is 750 psi;

therefore, materials having CI values greater than 750 psi are reported simply

as >750 psi.

24. The results of the initial screening test define the appropriate

ASR required to produce physical strength and narrow the range for a selection

of a WSR. The test specimens generated during the initial screening test were

not used for furt"Ier evaluation.

Chromium reduction study

25. The objectives of the WES chromium (VI) reduction study were:

(a) to determine if reagents could be added to the fill and clay to reduce

Cr(VI) to Cr(III), (b) to determine the dosages of reagent necessary for
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reduction of Cr(VI) to Cr(III), and (c) to determine the reaction time

required for reduction of Cr(VI) to Cr(III).

26. Blast furnace slag (BFS) and ferrous sulfate were selected as

additives for reduction of Cr(VI). A wide range of ASRs were evaluated to

determine the amount of additive necessary to reduce Cr(VI) to Cr(III). The

minimum BFS to soil ratio and ferrous sulfate to soil ratio was selected based

on stoichiometric ratios of initial Cr(VI) concentrations. The appropriate

ASRs for the clay and fill to be prepared in the detailed evaluation were

determined by analysis of the treated specimens for Cr(VI) according to SW-846

Method 3060 (USEPA 1986d) with modifications. The reagents used were

O.IN NaOH, O.IN Na2CO3 , 10% H2SO4, and a color reagent (see SW-846 Method

7196). The method of extraction was to add 50 ml each of 0.1N NaOH and

O.lN Na2CO3 to 25 g of the clay or fill, tumble for 2 hr, and filter with a

0.45-p filter; the leachate was analyzed according t, SW-846 Method 7196. For

leachate analysis, 3 ml of 10% H2SO4 and 2 ml of the color reagent were

diluted to 95 ml according to SW-846 Method 7196.

Preparation of Test Specimens for Detailed Evaluation

General description of S/S process

27. Solidified specimens were prepared by mixing water and additives

with the contaminated clay and fill in a Hobart H600T mixer. The soil and

additives were mixed for 5 min, after which the sides of the container were

scraped to remove material adhering to the sides of the container. After

scraping, the mixture was mixed an additional 5 min. Variations from this

method, if any, are discussed for each vendor in the paragraphs that follow.

Immediately after mixing was completed, a slump test was conducted according

to methods described in ASTM C 143-89 (ASTM 1990). The remaining water/

additive/soil slurry was poured into molds for physical and chemical testing.

To aid in removing test specimens from the molds, a light coat of grease was

applied to the molds used to cast the UCS specimens. Specimens used for the

bulk chemistry, MWEP-I, and TCLP were prepared in ungreased molds. Immedi-

ately after the additive/water/soil mixtures were placed in the molds, they

were vibrated on a Sentron model VP61DI vibration table to remove voids.

Visual observations of the specimens were recorded for the bleed water test

according to methods in ASTM C 232-87 (1990). For some vendor sample prepara-

tions, the additive/water/contaminated soil mixture was very viscous, and
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vibration was an ineffective method for removing voids. These specimens were

tamped according to ASTM C 109-86 (ASTM 1990) using a model CT-25A tamper.

28. The molded, solidified/stabilized materials were cured in the molds

at 23 *C and 98-percent relative humidity for a minimum of 24 hr. Specimens

were removed from the molds when they developed sufficient strength to be free

standing, and were cured under the same temperature and relative humidity

conditions until further testing.

29. After the solidified/stabilized soil was cured, the physical and

chemical properties of the solidified/stabilized soil were determined. The

UCS, moisture content, bulk density, permeability, specific gravity, set time,

slump, and wet/dry tests were used to determine the physical characteristics,

and the TCLP and MWEP-I were used to measure the leachability of the contami-

nants from the solidified/stabilized soil.

30. One formulation was prepared by each vendor for each of the clay

and fill materials. Additive systems developed by each vendor were used to

solidify/stabilize the soil and are differentiated by the type of additive

material used in the process. The processes selected by the vendors are

discussed below.

Preparation of fill material specimens

31. Vendor 1. Vendor 1 added two proprietary additives (Ensol and

Landtreat) and water. Ensol contains sodium silicate and a chelating agent.

Landtreat is an insoluble polysilicate. Vendor 1 varied the amount of Ensol

among replicates according to the following schedule.

Replicate WSR Ensol Iandtreat

A 0.02 0.04 0.05
B -- 0.04 0.07
C 0.02 0.08 0.IC

For replicates A and C, Vendor 1 added WSRs of 0.02 but added no water to

replicate B. Vendor I added Ensol and Landtreat to the fill and initiated

mixing. During the first 5 min of mixing, they slowly added 400 ml of water

to replicate A. As mixing progressed, Vendor 1 decided to add an additional

150 g of Landtreat powder due to the apparent moisture in the mix. Vendor 1

added Ensol and Landtreat to replicates B and C after initiation of mixing but

did not add water to replicate B. The replicate mixtures were mixed for

5 min, scraped, and mixed for an additional 5 min.

32. Vendor 2. Vendor 2 added cement and a chemical reducing agent to

the fill at the following ASRs.
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Chemical
Replicate WSR Cement Reducing Agentt

A -- 0.15 0.05
B 0.15 0.07
C 0.15 0.10

The cement was added at a constant rate of 0.15 ASR for replicates A, B, and

C, but the chemical reducing agent ASR was varied (0.05, 0.07, and 0.10 for

replicates A, B, and C, respectively). The mixing times were consistent among

replicates, and mixing was conducted as discussed in paragraph 27.

33. Vendor 3. Vendor 3 added portland cement, silica, and water to the

fill, and ASRs remained consistent for the three replicates.

Portland
Repltcate WSR Cement Silica

A 0.09 0.21 0.14
B 0.09 0.21 0.14
C 0.09 0.21 0.14

Vendor 3 added the silica and one half the water, mixed for 5 min, scraped the

container, and added the remaining water and portland cement for all

replicates.

34. Vendor 4. Vendor 4 added cement, a metal complexing reagent, a

cementitious reagent, and water at consistent dosages for the replicates.

Metal Cementitious
Replicate WSR Cement Complex Reagent Reagent

A 0.20 0.20 0.08 0.05
B 0.20 0.20 0.07 0.05
C 0.20 0.20 0.07 0.05

Vendor 4 used consistent mixing processes for all replicates and began by

mixing the metal complexing reagent and slowly adding the fill for 5 min. The

container was scraped, and the cement was added. After mixing an additional

minute, the cementitious reagent was added, and the mixture was mixed an addi-

tional 4 min.

35. Vendor 5, Vendor 5 added cement, sodium silicate, and water to the

fill at the ratios listed below.

Sodium
Replicates _4SR Cement Silicate

A 0.17 0.25 0.20
B 0.17 0.25 0.20
C 0.17 0.25 0.20
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Vendor 5 mixed the water, fill, and sodium silicate for 5 min, scraped the

container, and then added the cement and mixed for an additional 5 min.

36. Vendor 6. Vendor 6 added cement, ferrous sulfate, and water to the

fill at the ASRs listed below.

Ferrous
ReDlicates WSR Cement Sulfate

A 0.25 0.20 0.02
B 0.25 0.20 0.02

C 0.25 0.20 0.02

Vendor 6 began preparation of their specimens by first adding ferrous sulfate

and water to the fill and mixing for 2 min. The cement was then added, and

mixing was continued for 3 min. The container was scraped, and the mixture

was mixed an additional 5 min.

37. Vendor 7. Vendor 7 used cement, type C fly ash, and Urichem for

their process. Water was added to replicate A only.

Replicates WSR Cement Fly Ash Urichem

A 0.02 0.06 0.30 0.04
B -- 0.05 0.30 0.04
C -- 0.05 0.30 0.04

First, Urichem was added to the fill and mixed for 5 min. The cement and fly

ash were crmposited before they were added to the fill. After mixing, the

container was scraped, and the fly ash, cement, and water were added and mixed

an additional 5 min.

38. Vendor 8. Vendor 8 added cement, blast furnace slag, and water to

the fill at the following ASRs.

Beplicates WSR Cement BFS

A 0.15 0.10 0.40
B 0.15 0.10 0.40
C 0.15 0.10 0.40

The cement, BFS, and water were added to the fill before mixing was initiated.

The fill and additives were mixed for 5 min, the container was scraped, and

the mixture was mixed an additional 5 min.

Prepar-tion of clay material specimens

39. Vendor 1. Vendor 1 varied the amounts of water and additives added

among replicates for the clay according to the following schedule.
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Replicates WSR Ensol Landtreat

A 0.07 0.08 0.08
B 0.03 0.08 0.08
C 0.06 0.10 0.10

The additives were mixed according to the methods described for the fill (see

paragraph 31).

40. Vendor 2. Vendor 2 added cement and a chemical reducing agent to

the clay at the following ASRs.

Chemical
Replicates WSR Cement Reducing Agent

A -- 0.15 0.08
B -- 0.15 0.08
C -- 0.10 0.10

Vendor 2 did not add water to any of the replicates. The mixing was conducted

according to the methods described for preparation of fill specimens by Vendor

2 (see paragraph 32).

41. Vendor 3. Vendor 3 added portland cement, silica, and water to the

clay at the ratios listed below.

Portland

ReDlicates M Cement Ica

A 0.23 0.21 0.14
B 0.23 0.21 0.14
C 0.23 0.21 0.14

The clay and additives were mixed according to the methods used by Vendor 3

for the fill (see paragraph 33).

42. Vendor 4. Vendor 4 added water, cement, a metal complexing

reagent, and a cementitious reagent to the clay. Vendor 4's cement, metal

complexing reagent, and cementitious reagent additions were consistent among

replicates at the ASRs listed below.

Metal Cementitious
Replicates _S? Cement Complex Reagent Reagent

A 0.21 0.20 0.07 0.05
B 0.23 0.20 0.07 0.05
C 0.26 0.20 0.07 0.05

The water additions varied for replicates A, B, and C. The mixing process was

conducted according to methods used by Vendor 4 for the fill (see paragraph

34).
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43. Vendor 5. Vendor 5 added cement, sodium silicate, and water to the

clay at the following ratios.

Sodium
Replicates WSR Cement Silicate

A 0.23 0.25 0.23
B 0.23 0.25 0.20
C 0.24 0.25 0.20

The cement/sodium silicate/water mixture was mixed according to the same

methods used for the fill (see paragraph 35).

44. Vendor 6. Vendor 6 added cement, ferrous sulfate, and water to the

clay for each of the replicates at the ratios listed below.

Ferrous
Replicates WSF Cement Sulfate

A 0.36 0.20 0.02
B 0.37 0.20 0.02
C 0.37 0.20 0.02

The additive/clay mixtures were mixed according to the same methods used by

Vendor 6 for the fill (see paragraph 36).

45. Vendor 7. Vendor 7's additives were Urichem, fly ash, cement, and

water.

Replicates WSR Cement Fly Ash Urichem

A 0.11 0.07 0.42 0.04
B 0.11 0.10 0.40 0.04
C 0.12 0.10 0.40 0.04

Additives were added in the order described for the fill and mixed according

to the methods used for the fill (see paragraph 37).

46. Vendor 8. Vendor 8 added BFS, water, and cement to the FHC clay at

the following ratios.

Blast
Replicates WSR Cement Furnace Slaz

A 0.15 0.10 0.36
B 0.15 6.10 0.36
C 0.15 0.10 0.36

The mixture was mixed according to methods described for the mixing methods,

for the fill (see paragraph 38).
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Detailed Evaluation Methods

47. The success of a S/S process can be evaluated in a number of ways.

This section describes the protocol of physical and chemical testing methods

used to evaluate the effectiveness of S/S.

Pbysical testin'

48. The parameters UCS, wet/dry, and permeability were selected to

evaluate the physical effectiveness of S/S. Tests of specific gravity,

moisture content, bulk density, bleed water, slump, and set time were also

used to characterize the treated specimens.

49. Unconfined compressive strength, The UCS test was used to charac-

terize the effects of the S/S process on the strength characteristics of the

clay and fill materials. The UCS was determined according to ASTM method

D 2166 (ASTM 1990). The only deviation from this method was vibration or

tamping of the specimens, as previously discussed (see paragraph 27). The UCS

tests were performed in triplicate on 3-in.-diam by 6-in.-Iong cylinders after

they had cured for 28 days. Triplicate specimens were tested for each vendor

system. The surface area of each cylinder was determined by using a Fowler

Max-cal caliper. The force required to fracture the specimens was measured

with a Tinius Olsen Super L compression apparatus. UCS was reported as the

pounds per square inch required to fracture the cylinder. A UCS goal of

50 psi was chosen based on information found in the Office of Solid Waste and

Emergency Response (OSWER) Policy Directive 9487.00-2A (USEPA 1986d).

50. Wet/dry. ASTM method D 4843-88 (ASTM 1990) was used to evaluate

resistance of the S/S specimens to successive wetting and drying periods. The

wet/dry test simulates the effects of weathering on the integrity of the S/S

specimens after 28 days of cure. The wet/dry test uses a 1-3/4-in.-diam by

3-in.-long cylindrical specimen. Wet/dry results were reported as the average

cumulative, corrected relative mass loss after each cycle. Triplicate test

and triplicate control specimens were subjected to the wet/dry test. One

specimen was evaluated for moisture content according to ASTM method D 2216

(ASTM 1990). Loss of 30 percent of the original dry weight of the specimen

constitutes failure of the test.

51. Permeability, Permeability determinations were made by measuring

the falling head through a specimen with a triaxial cell according to methods

described in Engineer Manual 1110-2-1906, Appendix VII (US Army Corps of

Engineers 1970). Permeability tests were run on 3-in,-diam by 3-in.-long
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cylinders after a minimum of 28 days for curing. Triplicate readings were

performed on each replicate. In some cases, the specimens were shaved in

order for them to adjust to the size of the triaxial cell. Permeability was

calculated as the time required for a certain head loss through the specimen.

A permeability of 1 x 10-8 cm/sec or a permeability two orders of magnitude

less than the permeability of the untreated fill/clay was selected as the

criterion for the treated specimens.

52. Specific gravity, The specific gravity of the S/S specimens was

determined according to ASTM method D 854-83 (ASTM 1990). Specific gravity of

the specimens expresses the relationship between air, water, and solids in a

given volume of material and was determined in triplicate for each vendor

formulation after 28 days of cure.

53. Moisture content determinations, Moisture content of the specimens
was reported as the percentage of dry solids as evaluated according to ASTM

method D 2216 (ASTM 1990). Moisture content was used to determine the water

content of the untreated and treated specimens, and established consistency

among replicates. Moisture contents were reported in triplicate for untreated

and treated specimens. Moisture contents of the treated fill and clay were

determined after 28 days of cure.

54. Workability (slump), Workability of the treated specimens was

evaluated using the slump test, ASTM method C 143 (ASTM 1989). Slump was

determined Ly measuring the vertical displacement of the center cf the treated

sample after 2.5 min. Slump measurements were taken in triplicate for the

clay and fill material immediately after preparation of the formulations.

55. Bulk density. The bulk densities were determined based on methods

described in ASA 13 (American Society of Agronomy 1965). For the untreated

material, bulk density was determined on the materials at their Proctor

density in triplicate. The bulk density of the treated specimens was deter-

mined in triplicate for each replicate after 28 days of cure.

56. Set time, Set time was estimated using the cone index (CI)

described in TM 5-530 specifications (HQDA 1971). Set time was determined by L

measuring the resistance of the treated and untreated fill and clay to pene-

tration of an airfield penetrometer (in psi). The CI measurements were taken

at 2-, 4-, 8-, 24-, and 48-hr intervals for the treated and untreated speci-

mens in triplicate using 4-in.-diam by 4-in.-long cylinders.
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57. Bleed water. Bleed water was measured immediately after prepara-

tion of the detailed test specimens. Visual observations were noted after the

samples were molded.

58. Crackinz. Evaluation of cracking was conducted visually after

extrusion of the specimens from the molds. Surface voids and cracks were

reported after 28 days of cure.

Contaminant release testing

59. The TCLP and MWEP-I were selected for evaluation of chromium stabi-

lization success. The TCLP standard is 5.0 mg/L for chromium (40 CFR

Part 261), and the MWEP-l total chromium goal established for the FHC soils

was 0.05 mg/L chromium, based on the drinking water maximum concentration

level for chromium.

60. Toxicity Characteristics Leaching Procedure, The TCLP extracts

were analyzed for metals according to the methods and within the time con-

straints summarized in the Federal Register (USEPA 1990) and specifiad in

SW-846 (USEPA 1986d).

61. Monofilled Waste Extraction Procedure-l. The MWEP-I was analyzed

for metals according to methods described in the EPA Technical Resource Docu-

ment SW-924. Extraction of the specimens was performed one time.

62. Quality assurance/cqual itv cr'ntrol. The quality assurance/quality

control (QA/QC) for this project was divided between WES and Radian, Inc. The

WES was responsible for preparing the solidified/stabilized soil specimens and

performing physical tests. Radian, Inc., was responsible for laboratory QA/QC

related to the conduct of the MWEP-l, TCLP, and total extractions and chemical

analysis of the resulting extracts. The Radian, Inc., QA/QC reports are pre-

sented in Appendix G.
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PART III: DISCUSSION OF RESULTS FOR FILL MATERIAL TESTING

Analysis of Homogenization

63. A major concern during the conduct of the study was the use of a

homogenized sample for the application of the vendor S/S processes. An

attempt was made to provide each vendor with a statistically homogeneous sam-

ple. The homogeneity of the samples was evaluated by normalizing the total

chrome for dilution effects of binder addition, and conducting an analysis of

variance (ANOVA) on the normalized chromium values.

Normalization process

64. Normalization of the total chromium and Cr(VI) bulk chemistry

analyses indicates the amount of total chromium and Cr(VI) in the samples

presented to the vendors and accounts for dilution due to additives in the

S/S process. The normalized total Cr and Cr(VI) for each vendor was calcu-

lated from the following equat*,n (on a 1 kg dry weight basis):

NMw. = Cer1 (-

Br ii

NMtcr - normalized concentration of total chromium in soil presented to
the vendors

Ctc- concentration of total chromium in the S/S soil (dry weight
basis)

M, - 1 kg dry solids (per kilogram dry solids basis)

Bt - weight fraction of fill/clay in S/S waste, calculated as

B, M. + H, (w./,)
M. + M, (ASR)

Wcl- water content of S/S fill/clay

65. Normalized mass leached concentration (NMLC) chromium values in the

MWEP-I and TCLP were calculated to compensate for the dilution effects of

adding water and binder to the fill.
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66. For the untreated fill, the following equation was used:

C• (2)
Cdz = W. (2)

where

Cd4 - contaminant mass/dry weight untreated waste, mg/kg

Cr - untreated fill/clay mass for the ccntaminant of interest, Yrg

(calculated as: extract contaminant concentration (mg/L)

x extraction solution volume, L)

Wr - weight of fill/clay extracted, kg

Mr - solids content of the untreated fill/clay used in the extraction

expressed as a decimal

67. The equation for treated NMLC was

Ce (3)
Cdt W, x M2 x7,

where

Cdt - contaminant concentration/dry weight waste after S/S, mg/kg

Ct - S/S fill/clay mass for the contaminant of interest, mg (calculated

as: extract contaminant concentration (mg/i) x s'xtraction

solution volume, L)

Wt - weight of wet S/S fill/clay, kg

M. - solids content of the S/S fill/clay used in tne extraction,

expressed as a decimal

68. The efficiency of the S/S t.:eatment was calculated from the follow-

ing formula:

Ef. Cd100 (4) (4)
Cd,
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Analysis of Variance

69. An ANOVA conducted on the normalized total chromium concentrations

demonstrated the homogeneity of the samples received by the vendors for their

demonstration. Normalization of the total chromium in the fill was performed

to account for dilution effects caused by addition of additives in the mixing

process. The results of the normalization of total chromium and Cr(VI) for

bulk chemistry are presented in Table 4. An analysis of variance was con-

ducted or the treated and untreated fill for normalized total chromium to

determine variability among vendors; these results are presented in Table 5.

Chrome Reduction Study

70. The results of the WES chromium (VI) reduction study are presented

in Table 6 and discussed below. Two additives were tested, BFS and ferrous

sulfate, at varying dosages and reaction times.

Untreated fill

71. Cr(VI) analyses were conducted in triplicate on the untreated fill.

The average concentration was 7.74 mg/kg.

Blast furnace slag

72. Four ASRs were tested for the BFS: 0.018, 0.1, 0.2, and 0.36. At

the lowest ASR, the average concentration of Cr(VI) remained >10 mg/L after

24 hr. At an ASR of 0.1, the average concentration of Cr(VI) decreased to

4.57 mg/L after 24 hr. The lowest average concentration of Cr(VI) was

3.53 mg/L for an ASR of 0.36. An ASR for BFS/fill of 0.40 was selected for

the detailed evaluation due to more effective reduction of Cr(VI) in the

BFS-treated fill than in the ferrous sulfate-treated fill. The increase in

BFS from an ASR of 0.36 in the CRS to 0.40 for the detailed evaluation is

based on a direct relationship betmeen increased ASRs to decreased Cr(VI)

concentrations demonstrated in the CRS.

F-errous sulfate

73. The results of the CRS for ferrous sulfate were not consistent for

an additive-to-soil ratio of 0.00052. The average concentration was initially

3.78 mg/kg, and after 24 hr was 5.94 mg/kg. At the 0.0013 ASR, the initial

average concentration was 3.29 mg/kg and decreased with time to 2.04 mg/kg

after 24 hr.
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Table 4

Results of Normalizing Total Chromium and Cr(VT) for

Treated and Untreated Frontier Hard Chrome Fill*

Mean Norm. Mean Norm.
Total Cr Total Cr Cr(VI) Cr(VI)

Vendor mg/kz m.. gmgL

Untreated Fill

1,567 32.0

Treated Fill

1 1,090 1,277 0.075 0.088

2 1,000 1,268 2.0 2.5

3 790 1,147 3.5 5.1

4 963 1,436 4.5 6.3

5 787 1,297 3.6 6.6

6 1,077 1,438 3.6 4.8

7 1,147 1,710 3.2 4.8

8 643 1,082 0.086 0.10

* Treatment objective was total chromium :50.05 mg/L.

Table 5

Results of ANOVA for Bulk Chemistry Conducted

on Untreated Fill

Mean NMLC

Vendor (mg.kz)

7 1,710

1,566

6 1,438

4 1,436

5 1,297

I 1,277

2 1,268

3 1,146

8 1,082

* bntreated fill.
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Table 6

Results-of Chrome Reduction Study for Fill*

Reaction Time. hr

Additive-to-Soil Ratio 0 2 4 6 24

Blast furnace slag/fill

0.018 11.30 9.48 13.53 10.66 10.34

0.1 12.92 14.84 11.13 4.86 4.57

0.2 7.70 7.78 7.67 5.58 4.00

0.36 3.44 9.81 7.75 7.44 3.53

Ferrous sulfate/fill

0.0052 3.78 3.71 1.43 1.57 5.94

0.013 3.29 1.59 1.50 1.30 2.04

Note: Average Cr(VI) concentration in the untreated fill was 7.74 mg/kg.
* Results are presented as mg/kg of Cr(VI).

Initial Screening Test Results

74. The results of the initial screening test on the fill conducted by

WES are summarized below. The detailed results are presented in Appendix A.

Each time a stabilization process was applied, a batch of material was gener-

ated. As shown, 8 batches each of solidified fill were prepared for the

cement, and 15 batches were prepared for the lime/fly ash process.

Cement binder

75. In the initial screening test, water ratios of 0.1 and 0.3 were

tested to evaluate the effects of water addition on strength development.

After 24 hr, a 0.1 ASR/0.I WSR gained strength >750 psi. At ASRs of 0.4 and

0.7 combined with a WSR of 0.1, CI values were >750 psi after 3 hr of cure.

At the 0.1/1.4 WSR/ASR, CI values >750 psi were measured after 1 hr of cure.

A WSR/ASR of 0.3/0.1 had an average CI measurement of 100 psi after 24 hr of

cure. ASRs of 0.4, 0.7, and 1.4 with a WSR of 0.3 had CI values >750 psi

after 24 hr. The 0.1 ASR tested with a WSR of 0.1 gained strengths >750 psi

with sufficient hydration of the sample and was the basis of selection of a

0.1/0.1 WSR/ASR for detailed evaluation.

Lime/fly ash binder

76. The 0.4/0.1 lime/fly ash ASR combined with a WSR of 0.1 was the N

only mixture with a CI value approaching 750 psi. The average CI value after
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24 hr for the 0.4/0.1/0.1 lime/fly ash/water ASR/WSR mixture was 703 psi. The

highest average CI value after 24 hr for a WSR of 0.3 was 280 psi. Cement was

selected by WES for evaluation because of its greater strength development

than lime/fly ash. No further evaluations of lime/fly ash treatment of the

FHC fill were conducted.

Results of Physical Testing of Fill Material

77. The results of the bulk density, Atterberg limits, Proctor density,

UCS, permeability, specific gravity and set time for the untreated fill are

summarized in Table 7. The results of grain size and moisture content analy-

ses for the fill are presented in Appendix B.

UCS results

78. UCS measurements were performed in triplicate for each replicate

after 28 days of cure. Figure 6 presents the results of the UCS tests con-

ducted on the treated fill. All specimens developed strengths greater than

the 50-psi criterion.

79. Untreated fill, The untreated specimens were prepared at the

Proctor density and cured for 28 days but were not cohesive enough to conduct

UCS tests on the replicates. Specimens were cured for 28 days to enable

direct comparison with the results obtained with the treated specimens, which

were also cured for 28 days. Curing also allowed the evaluation of the

untreated fill material for self-setting properties.

80. Vendor 1. The Ensol/Landtreat process did not prcdiuce cementitious

properties. Extrusion of the samples from the molds damaged the replicates to

such an extent that no UCS measurements could be made.

81. Vendor 2. The average UCS values of replicates A, B, and C were

231, 118, and 105 psi, respectively. UCS measurements were taken on only one

specimen of replicate C due to fracture of two specimens during extrusion.

ASRs for the chemical reducing agent varied emong replicates, possibly causing

the wide range in UCS results. All specimens evaluated had UCSs >50 psi.

82. Vendor 3 Average UCS values for replicates A, B, and C were 455,

481, and 565 psi, respectively. Vendor 3 was consistent in ASRs of Portland

cement and silica to the replicates, and all replicates developed strengths

greater than 50 psi.

83. Vendor 4, The average UCS readings for replicates A, B, and

C were 351, 383, and 153 psi, respectively. Although Vendor 4 added the same
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Table 7

Results of Physical Tests Conducted on Untreated Fill

Replicate

Parameter A B C

Bulk density, pcf 86.4 84.2 77.8

Proctor density, pcf 149.7 150.3 148.4

Specific gravity 2.70 2.69 2.69

Resistance to 87 113 110
penetration, psi*

Permeability, 8.59E-05 2.83E-04 5.56E-05
cm/sec*

UCS, psi N/A N/A N/A

Moisture,
% dry weight** 28.77 26.22 27.45

Atterberg limits

Plasticity index 5 4 10

Liquid limit 37 44 43

Plastic limit 32 40 33

* Represents an average of three replicates.
** Represents an average of 33 replicates.

1200-
= ReplIcfte A

1000 RplCatet B

S000

C-)

200 _

1 2 3 4 3 6 7 8
UCS cr1.aofSo psi Vendor

Figure 6. 28-day UCS results for the
FHC fill
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amount of binder to each replicate, replicate C developed less strength than

replicates A and B. The reactions within S/S processes are not clearly under-

stood, and explanations for higher/lower strength development are not easily

determined. All replicates developed strengths greater than 50 psi.

84. Vendor 5. The average UCS values for replicates A, B, and C were
620, 324, and 678 psi, respectively. Although Vendor 5 used the same ASR and
WSR for all replicates, two specimens of replicate B had UCSs of 251 and

176 psi, while the remaining UCSs were greater than 500 psi.

85. Vendor 6. The average UCS values were 154, 204, and 97 psi, for

replicates A, B, and C, respectively. Although the same ASRs were used

throughout the Vendor 6 demonstration, the average UCS of replicate B was
twice the average UCS of replicate C. All replicates developed strengths

greater than 50 psi.

86. Vendor 7. The average UCS values for replicates A, B, and C were
195, 125, and 171 psi, respectively. Two specimens of replicate B gained less
strength (88 and 89 psi.) than the other specimen (198 psi). Vendor 7 added

ASRs of 0.058 cement and 0.052 cement to replicates A and C, respectively, and
an ASR of 0.049 to replicate B. The lower ASR used for replicate B may have
resulted in the lower UCS values. All replicate UCSs were greater than the

50-psi criteria.

87. Vendor 8. The average UCS values for Vendor 8 were 1,190, 1,175,
and 1,032 psi for replicates A, B, and C, respectively. Vendor 8 ASRs and
WSRs were consistent among replicates. Vendor 8 specimens developed the

highest strengths of any process evaluated. One specimen of replicate
C developed less strength than the remaining replicates (774 psi), but all

replicates gained strengths much greater than 50 psi.

Wet/dry results

88. To determine the durability of the specimens, the wet/dry test was
conducted on three test specimens and three control specimens after 28 days of

cure. Moisture contents were determined on one specimen in order to evaluate
the percent solids loss for the specimens. The specimens were subjected to 12

cycles of wetting and drying, and the weight of the specimen was taken after
each cycle to determine the loss during that cycle. The average results of

the wet/dry test for the fill are presented in Table 8. The detailed results

by replicate are presented in Appendix C.
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Table 8

Results of the Wet/Dry Tests Conducted

on Frontier Hard Chrome Fill

ACCRML Aftel Test Specimen Control Specimen
Vendor 12 Cycles._ % Loss) (% Loss)

1 NA 100 100

2 -0.11 0.32 0.42

3 -0.07* 0.23 0.30

4 -0.08* 0.39 0.47

5 -0.11* 0.36 0.47

6 -0.05* 0.49 0.53

7 -0.24* 0.83 1.07

8 0.03 0.17 0.01

Goal -- 30 30

* Negative result due to greater average relative mass loss in control sample
than in treated sample.

89. Vendor 1. The wet/dry specimens prepared by Vendor 1 did not

develop sufficient durability and failed the wet/dry test after one cycle. The

test and control specimens deteriorated when subjected to the water-addition

poi-tion of the cycle, and 100 percent of the specimen solids was lost.

90. Vendor 2. The wet/dry test and control specimens prepared by

Vendor 2 passed 12 cycles of the wet/dry test. There was no significant loss

of material from the specimens during the 12 wet/dry cycles. The average

percent solids lost from the test specimens was 0.32 percent, and the percent

solids lost from the controls was 0.42 percent. The average cumulative,

corrected relative mass loss (ACCRML) after 12 cycles was -0.11 g for the

fill. The negative result is due to d greater mass loss in the control

specimens than in the test specimens.

91. Vendor 3. The test specimens lost 0.23 percent of the solid mass

in 12 cycles, and the controls lost 0.30 percent in 12 cycles. Specimens for

the fill had an ACCRML of -0.07 g. The control specimens lost more mass than

the test specimens; therefore, the result of the ACCR.ML was negative. All

test and control specimens passed 12 cycles of the wet/dry test.

92. Vendor 4. The test and control specimens lost averages of 0.39 and

0.47 percent of the solid mass, respectively. The ACCRML results of the wet/
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dry test for the test and control specimens were -0.08 g. The control speci-

mens lost slightly more sample thz the test specimens, but there was no sig-

nificant loss of sample from the test or control specimens. All specimens

passed 12 cycles of the wet/dry test.

93. Vendor 5. The test and control specimens prepared by Vendor

5 passed 12 cycles of the wet/dry test. The average solids loss for the test

and control specimens was 0.36 and 0.47 percent, respectively. There was a

greater mass loss from the controls than the test specimens, which is repre-

sented by an ACCRML of -0.11 g.

94. Vendor 6. The average solids loss from the test and control speci-

mens was 0.49 and 0.53 percent, respectively. The ACCRML for the test and

control specimens prepared by Vendor 6 was -0.05 g. The control specimens

lost slightly more sample than the test specimens, causing a negative ACCRML.

All specimens passed 12 cycles of the wet/dry test.

95. Vendor 7. The test and control specimens passed 12 cycles of the

wet/dry test with an average solids loss of 0.83 percent and 1.07 percent,

respectively. The control specimens lost more cumulative sample than the test

specimens, and as a result, the ACCRML was -0.24 g.

96. Vendor 8, The average solids loss for the test and control speci-

mens was 0.17 and 0.01 percent, respectively. The ACCRML for the Vendor 8

test and control specimens was 0.03 g. The test specimens lost more mass than

the control specimens, but all specimens passed 12 cycles of the wet/dry test.

Permeability results

97. The results of the permeability test conducted on the untreated and

treated fill are summarized in Table 9 and represented in Figure 7. Tripli-

cate readings were conducted on each replicate to obtain an average permeabil-

ity after 28 days of cure. Detailed rasults of permeability testing are

presented in Appendix C.

98. Untreated fill. The specimens were prepared at the Proctor density

and cured for 28 days. The average permeabilities of replicates A, B, and C

were 8.59E-05, 2.83E-04, and 5.56E-05 cm/sec, respectively. The average

permeability of the replicates is 1.4E-04 cm/sec.

99. Vendor 1. The average results for the triplicate readings of the

permeability tests conducted on replicates B and C were 6.52E-07 and

1.02E-06 cru/sec, respectively. No readings were taken for replicate A because

of the destruction of the replicates during extrusion from the molds. Repli-

cate A contained the highest percentage of water added and the lowest
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Table 9

Summary of Permeability Test Results for the Fill

Average Fermeability
Vendor Replicate cm/sec

A 8.59E-05
B 2.83E-04
C 5.56E-05

Vendor 1 A NA
B 6.52E-07
C 1.02E-06

Vendor 2 A 3.04E-05
B 1.61E-04
C 3.62E-05

Vendor 3 A 2.89E-06
B 1.41E-06
C 1.62E-06

Vendor 4 A 1.02E-05
B 7.15E-06
C 9.38E-07

Vendor 5 A 2.33E-07
B 3.47E-06
C 4.92E-06

Vendor 6 A 1.79E-05
B 7.45E-06
C 6.36E-06

Vendor 7 A 1.17E-05
B 9.98E-07
C 1.34E-06

Vendor 8 A 1.15E-07
B NA
C 3.OOE-06

* Untreated fill.

percentage of binder added in the soil/additive mixture prepared for the three

replicates. None of the replicates attained the criteria of 1E-08 cm/sec.

100. Verdor 2. The average permeabilities of replicates A, B, and

C were 3.04E-05, 1.61E-04, and 3.62E-05 cm/sec, respectively. The average

permeability of the treated replicates was 7.59E-05 cm/sec. None of the

replicates attained the criteria of 1E-08 cm/sec.-,

101. Vendor 3. The average permeabilities of replicate5 A, B, and C

were 2.89E-06, 1.41E-06, and 1.62E-06 cm/sec, respectively. The average
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Figure 7. 28-day permeability results for FHC fill

permeabilities of the triplicate readings of replicate B and C were orders of

magnitude less than the permeabilities of the untreated fill. The average

permeabilities of replicates A and C of the treated fill were one order of

magnitude less than the permeabilities of replicates A and C for the untreated

fill. The permeabilities were greater than the 1E-08 cm/sec criteria.

102. Vendor 4. The average permeabilities for the three replicates A,

B, and C were 1.02E-05, 7.15E-06, and 9.38E-07 cm/sec, respectively. None of

the replicates was two orders of magnitude less than the permeabilities of the

untreated fill, and all were greater than the 1E-08 cm/sec criteria for perme-

ability of the treated fill.

103. Vendor 5, Replicate A had an average permeability two orders of

magnitude less than the permeability of the untreated fill at 2.33E-07 cm/sec.

Replicates B and C were one order of magnitude less than the permeability of

the untreated fill at 3.47E-06 and 4.92E-06 cm/sec, respectively. None of the

replicates attained the criteria of 1E-08 cm/sec.

104. Vendor 6. The average permeabilities were 1.79E-05, 7.45E-06, and

6.36E-06 cm/sec for replicates A, B, and C, respectively. All permeability

readings were greater than IE-08 cm/sec. The reduction in permeability due to

treatment was approximately one order of magnitude.

105. Vendor 7 The average permeabilities for replicates A, B, and

C were 1.17E-05, 9,98E-07, and 1.34E-06 cm/sec, respectively. Compared to the
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untreated fill, the Vendor 7 S/S process reduced the permeability of the fill

by one order of magnitude. The average permeability of the three replicates

was 4.68E-6 cm/sec. None of the replicates was permeable at the rate of

1E-08 cm/sec or less.

106. Vendor 8. The average permeabilities of replicates A and C were

1.15E-07 and 3.OOE-06 cm/sec, respectively. The operator was unable to satu-

rate replicate B with water and was therefore unable to record permeability

readings for that replicate. None of the replicates had permeabilities less

than 1E-08 cm/sec, and the Vendor 8 treatment process did not reduce the

permeability by two orders of magnitude.

Bulk density

107. The bulk density was measured in triplicate for each replicate,

and the results are presented in Appendix C.

Volumetric change

108. Based on the bulk density of the treated material and the Proctor
density of the untreated fill, the volumetric change caused by the addition of

binders was calculated and the results are summarized in Table 10 and pre-

sented in Figure 8. The volumetric change was calculated using Equations

5-7 below.

Wa •(5)

where

V, - volume of fill/clay

W- weight of fill/clay

D- Proctor density of the untreated fill/clay

S(W, ÷R W5 ) (6)
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Table 10

Results Lat Volumetric Mange Calculations for the-EM

Bulk Density Volumetric

Vendor Replicate Ib/ft3 Increase.-It

A 86
B 84
c 78

A 149 15
B 148 13

c 143 21

2 A 125 44

B 121 56

c 129 52

3 A 116 74
B 121 69

125 72

4 A 106 89
B ico 99

98 99

5 A 109 99
B ill 98
c 110 95

6 A 109 68
B 112 64
c 113 61

7 A 123 70
B 123 70
c 123 68

8 A 117 93
B 116 95
c 117 90

Untreated fill.
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- 40dcate A

40

20>

whereF r 2 tc n e

V2 - volume of binder and fill/clay

R - binder-to-soil ratio (BSR)

D2 - bulk density of fill/clay and binder

Volumetric Change = (• ( V1))
V1

109. It should be noted that the volumetric increases are substantially

higher than those reported in the literature. This results from the use of

the Proctor density as the baseline for measuring the volumetric increase.

110. Untreated fill, The Proctor density for the untreated fill was

149.7, 150.3, and 148.4 lb/ft 3 for replicates A, B, and C, respectively. The

bulk density for the untreated fill was 86.4, 84.2, and 77.8 lb/ft 3 for repli-

cates A, B, and C, respectively.

111. Vendor 1. The Vendor 1 process increased the volume for repli-

cates A, B, and C by 15, 13, and 21 percent, respectively. Compared to the

remaining vendors, Vendor l's process produced the smallest volumetric

increase in the fill.
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112. Vendor 2. The Vendor 2 process increased the volume required for

the treatment of the fill due to the addition of cement and a chemical reduc-

ing agent. The volumetric increases for the average bulk densities were 44,

56, and 52 percent, for replicates A, B, and C, respectively.

113. Vendor 3. Vendor 3 increased the volume of the fill through the

addition of additives by 74, 69, and 72 percent, for replicates A, B, and C,

respectively, based on average bulk densities.

114. Vendor 4. Vendor 4 added cement, a metal complex reagent, and a

cementitious reagent, causing an 89-, 99-, and 99-percent volumetric incre'-se

for replicates A, B, and C, respectively. The addition of binders approxi-

mately doubled the volume of the fill.

115. Vendor 5, Vendor 5 doubled the volume of the fill by adding

cement and sodium silicate. The volumetric increase was 99, 98, and 95 per-

cent for replicates A, B, and C, respectively, representing the greatest volu-

metric increase for the fill among the vendors.

116. Vendor 6. Vendor 6 had volumetric increases of 68, 64, and

61 percent for replicates A, B, and C, respectively.

117. Vendor 7. Vendor 7 produced volumetric increases of 70, 70, and

68 percent for replicates A, B, and C, respectively, on the basis of average

bulk densities. Vendor 7 added an ASR of 0.30 fly ash to the fill that may

have contributed greatly to the volume increase.

118. Vendor 8. Vendor 8 approximately doubled the volume required for

treatment of the fill. The volumetric increases for replicates A, B, and C

were 93, 95, and 90 percent, respectively. The volumetric increase may be

largely attributed to the 0.40 ASR for blast furnace slag adoed to the fill.

S lump

119. The slump was measured for each replicate of the fill immediately

after the mixing process was complete. When two consecutive tests showed a

falling away characteristic, the mixture lacked cohesiveness. Thus, the slump

test was not applicable. The results of thn slump test are presented in

Appendix C and discussed below.

120. Vendor 1 slumps for replicates A, B, and C were 7, 0, and

1.25 in., respectivel). Replicate B showed the least slump, which may beI

related to no water being added to the replicate mixture. Slumps of 0 in.

were calculated for all replicates of mixtures from Vendors 2, 3, 4, and 7.

Vendor 5 slumps were measured for replicates A, B, and C and were 8, 6.5, and

7.25 in., respectively, and Vendor 8 slumps were 1.25, 0.25, and 0 in. for
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replicates A, B, and C, respectively. Vendor 6 mixtures were not free-

standing, and slump measurements were not available.

Moisture results

121. The results of moisture content tests conducted on the treated

fill are presented in Appendix C. Moisture tests were performed in triplicate

for each replicate of the treated fill after 28 days of cure.
Set time

122. The results of the set time conducted on the treated fill after

2, 4, 8, 24, and 48 hr of cure are presented in Appendix C. CI readings were

taken in triplicate for each curing time.

Specific gravity

123. The specific gravities were measured in triplicate for the treated

fill after 28 days of cure and are presented in Appendix C.

Bleed water

124. Vendor l's specimens had a layer of free water approximately 2 mm

thick on the surface of replicate A for the fill. Vendor 5 had a layer of

free water approximately 1 mm in thickness on the surface of the fill speci-

mens. The Vendor 3, 7, and 8 specimens had a layer of free water approxi-

mately 1 mm thick on the surface of the fill specimens. Specimens prepared by

the remaining vendors (Vendors 2, 4, and 6) did not have a layer of free water

on their surface.

Crackinz

125. Vendor l's specimens did not have cementitious properties. The

replicate C specimens deformed when extruded from the molds. One specimen of

replicate C for the fill prepared by Vendor 2 was cracked around the middle

and broke in half during dimensional measurements. Specimens from Vendors 3

and 4 had small voids in each of the replicates for the fill. Vendor 5's

specimens had cracks in three replicates for the fill. Vendor 7's specimens

had voids in each of their replicates for the fill. The Vendor 8 specimens

had cracks approximately 2 to 3 mm in length on three replicate fill

specimens.

Results of Contaminant Release Testing

MWEP-1 results

126. The results of the mean total chromium and Cr(VI) concentrations

in the MWEP-! for treated and untreated fill for each vendor S/S process are
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presented in Appendix C. Figure 9 represents the MWEP-l concentrations for

total chromium, and Figure 10 represents the MWEP-I results for Cr(VI).

127. Untreated fill, The results of the MWEP-l run on the untreated

fill were above the 0.05-mg/L drinking water standard for total chromium by a

factor of 10. Triplicate analyses of the MWEP-I extracts provided a mean

total chromium concentration of 0.40 mg/L. The mean Cr(VI) concentratii was

0.35 mg/L. The majority of the total chromium MWEP-1 concentration exists

as Cr(VI).

128. Vendor 1. Mean concentrations for Cr(VI) and total Cr were

<0.029 and 0.115 mg/L, respectively. The total chromium concentration was

twice the 0.05 mg/L standard assigned to MWEP-I leachates for total chromium.

129. VeDnor 2, Mean concentrations for Cr(VI) and total Cr were

0.147 mg/L, meaning the Cr existed as Cr(VI). The total Cr concentration

tripled the 0.05-ng/L drinking water standard designated in the remedial

design objectives.

130. Vendor 3. Tha mean Cr(VI) and total Cr concentrations were

0.073 and 0.078 mg/L, respectively. Most of the Cr exists in the extract as

Cr(VI). Total Cr concentrations were above the 0.05-mg/L criterion as a

result of the presence of Cr(VI).

131. Vendor 4. Thp. mean Cr(VI) and total Cr concentrations were

0.12 and 0.13 mg/L, respectively. Total Cr concentration exceeded the

0.05-mg/L criterion as a result of the presence of Cr(VI).

132. Vpdor 5. The mean Cr(VI) and total Cr concentrations were

0.099 and 0.10 rig/L, respectively. Most of the total Cr present was in the

form of Cr(VI). The total Cr concentration was twice the 0.05-mg/L criterion.

133. Vendor 6. The mean Cr(VI) and total Cr concentrations were

0.12 and 0.11 mg/L, respectively. The total Cr was twice the 0.05-mg/L

criterion. The bulk of the total Cr was in the form of Cr(VI).

134. Vendor 7. The mean concentrations of Cr(VI) and total Cr in the

MWEP-I extracts were 0.11 and 0.10 mg/L, respectively. The mean concentration

of Cr(VI) exceeded the mean total Cr concentration. One replicate Cr(VI) con-

centration exceeded the total Cr concentration by 0.033 mg/L, causing a

greater mean Cr(VI) concentration. The total Cr was present in the forv of

Cr(VI). Total Cr in the nEP-I extract exceeded the drinking water standard

of 0.05 mg/L.
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135. Vendor 8. The mean Cr(VI) concentration .-a the MWtEP-I extract was

<0.033 mg/L. The mean total Cr concentration was 0.071 mg/L. Two replicates

had concentrations of 0.051 and 0.052 mg/L, only slightly higher than the

0.05-mg/L criterion. Total Cr concentration exceeded the 0.05-mg/L criterion
established in the remedial design objectives. Most of the Cr present in the

MWEP-I extract was in the form of Cr(III).

TCLP results for fill

136. The mean concentrations of total chromium and Cr(VI) in the TCLP
conducted on treated and untreated FHC fill are presented in Appendix C and
discussed below. Figures 11 and 12 represent the results of the TCLP for

total chromium and Cr(VI).

137. Untreated fill, The criterion for total chromium concentration in
TCLP leachates is 5.0 mg/L (40 CFR 261). The concentration of total chromium

in the replicates was 0.16, 0.16, and 0.081 mg/L, with a mean of 0.13 mg/L.
Cr(VI) concentrations were all <0.020 mg/L. The replicate total chromium and

Cr(VI) concentrations were all below the 5.0-mg/L criterion for total

chromium.

138. Vendor 1. The replicate total chromium concentrations in the Ven-
dor 1 leachates were 2.0, 2.3, and 2.2 mg/L. The mean total chromium concen-
tration in the TCLP leachates was 2.2 mg/L. Cr(VI) concentrations of the
replicates were <0.020 mg/L. The chromium present was in the trivalent form.

139. Vendor 2. The replicate total chromium TCLP concentrations in the
Vendor 2 leachates were 0.049, 0.065, and 0.026 mg/L. The replicate Cr(VI)
concentrations were 0.028, 0.038, and <0.022 mg/L. The TCL. concentrations

were below the 5.0-mg/L criterion for chromium in the TCLP.

140. Vendor 3. The concentrations of Cr(VI) in the TCLP conducted on
the treated fill were 0.068, 0.058, and 0.050 mg/L. The concentrations were

below the criterion of 5.0 mg/L. The total chromium concentrations were

0.079, 0.032, and 0.062 mg/L.

141. Vendor 4, The mean total chromium concentration for the repli-
cates was 0.12 mg/L. The replicate concentrations were below the 5.0-mg/L

criterion. The chromium present in the leachates was in the trivalent form,

shown by concentrations of Cr(VI) of <0.020, <0.020, and 0.042 mg/L.

142. Vendor 5. The concentrations of total chromium in the TCLP were
0.62, 0.63, and 0.33 mg/L. The concentrations of Cr(VI) were 0.61, 0.67, and
0.32 mg/L. The chromium present was in the hexavalent form.
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143. Vendor 6. The concentrations of total chromium were 0.11, 0.028,

and 0.032 mg/L. Two replicate concentrations of Cr(VI) were <0.020 mg/L, and

the other replicate concentration was 0.033 mg/L. The concentrations of

chromium in the TCLP were all less than 5.0 mg/L.

144. Vendor 7, The concentrations of Cr(VI) were all <0.020 mg/L. The

concentrations of total chromium were 4.7, 3.7, and 4.1 mg/L. Chromium is

present in the trivalent form. The total chromium concentrations were below

the 5.0-mg/L criterion.

145. Vendor 8. The Cr(VI) concentrations were all <0.020 mg/L. The

total chromium concentrations were 1.8, 1.8, and 1.9 mg/L. Chromium was

present as Cr(III). The mean total chromium concentration was 1.8 mg/L, and

all concentrations were <5.0 mg/L.

Effects of Dilution on LeachinK

MWEP-l results for fill

146. Untreated fill, The mean NMLC for total chromium and Cr(VI) was

5.01 and 4.48 mg/kg, respectively. Based on the NMLCs for MWEP-I conducted on

the fill for total chromium and Cr(VI), the efficiency of the treatment pro-

cesses was evaluated.

147. Vendor 1. The mean normalized mass total chromium leached

(MNMTCL) in the MWEP-I was 1.742 mg/kg, 65 percent less than the MNMTCL in the

mean MWEP-I for the untreated fill. Normalization of the MWEP-I Cr(VI) con-

centrations presented Cr(VI) leached at a mean of 0.443 mg/kg, representing a

90-percent reduction in the mean normalized mass Cr(VI) leached (MINMCSL) com-

pared to the untreated fill.

148. Vendor 2. The MNMTCL in the MWEP-I presented was 59 percent less

than the ?•TMTCL in the MWEP-I conducted on the untreated fill, and the MN1MCSL

was reduced by 54 percent compared to the untreated fill.

149. Vendor 3. Reductions of 75 and 74 percent were noted for MNMTCL

and M.NMCSL, respectively, from the HWEP-l conducted on the treated fill in

comparison with the MWEP-I conducted on the untreated fill. The reduction in

total chromium was mainly a representation of reduction in Cr(VI),

150. Vendor 4. The Vendor 4 S/S process reduced the MNMTCL concentra-

tion by 54 percent for total chromium and the LNMCSL by 52 percent for Cr(VI)

compared to the untreated fill. The reduction of 54 percent of leachable

total chromium was mainly represented by a reduction of leachable Cr(VI).
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151. Vendor 5. There was a 63-percent reduction in the leachable total

chromium based upon the MNMTCLs for treated and untreated fill. The MNMCSL

was reduced by 59 percent, based on the MNMCSL for the untreated fill and the

fill treated by Vendor 5.

152. Vendor 6. The mcan NMLC for the fill was 1.905 mg/kg total chro-

mium and 1.992 mg/kg Cr(VI). Compared to the mean NMLC for the untreated

fill, the Vendor 6 efficiency for total chromium was 62 percent and for

Cr(VI), 56 percent.

153. Vendor 7. The mean NMLC for the total chromium was 1.734; the

mean NMLC Cr(VI) was 1.896 mg/kg. The MNMTCL was reduced by 65 percent, and

the MNMCSL by 58 percent.

154. Vendor 8, The mean NMLC for total chromium and Cr(VI) was

1.291 and 0.601, respectively. The Vendor 8 process reduced the MNMTCL by

74 percent and the MN-MCSL by 87 percent.

TCLP results

155. Normalization of the TCLP results was calculated according to the

methods described for normalization of the MWEP-I in paragraph 68, and the

results are presented in Appendix C for the fill.

156. Untreated fill, The mean NMLC, which represents the normalized

amount of total chromium and Cr(VI) leached, was 3.377 and 0.507 mg/kg,

respectively. The NMLC for Cr(VI) is based on the detection limit of

<0.020 mg/L. Based on the NMLCs for total chromium and Cr(VI), the efficiency

of the treatment processes for each vendor was calculated.

157. Vendor 1. The Vendor 1 process represented an increase in the

MNMTCL of 1,806 percent and an increase in the MNMCSL of 17 percent based on

the MýMTCL of 64.358 mg/kg and the MNMCSL of 0.047 mg/kg. The MKMCSL was

calculated based on the concentration for all replicates of <0.020 mg/L.

158. Vendor 2. Vendor 2's process efficiency for the MNMTCL was

61 percent based on a M2NMTCL of 1.317 mg/kg; the MNMCSL was increased by

60 percent based on a MŽNMCSL of 0.809 mg/kg.

159. Vendor 3. The mean NMLCs for total chromium and Cr(VI) were

1.841 and 1.885 mg/kg, respectively. Vendor 3 reduced the MNMTCL by 45 per-

cent but increased the MINMCSL by 272 percent.

160. Vendor 4, The mean MiLC for total chromium was 4.299 mg/kg, and

the mean NILC for Cr(VI) was 0.965 mg/kg. Based on the NMLCs, Vendor 4

increased the MlTCL in the TCLP by 27 percent and increased the MNMCSL by

90 percent.
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161. Vendor 5. Compared to the untreated fill, Vendor 5 increased the

total chromium leached in the TCLP by 472 percent and increased the Cr(VI) in

the TCLP by 3,760 percent. The MNMTCL was 19.310 mg/kg, and the MNMCSL was

19.553 mg/kg. The chromium present was in the form of Cr(VI).

162. Vendor 6. The mean NMLCs for total chromium and Cr(VI) were

1.932 and 0.827 mg/kg, respectively. The Vendor 6 process reduced the MNMTCL

by 43 percent for total chromium and increased the MNMCSL by 63 percent for

the Cr(VI).

163. Vendor 7. The MNMTCL was 136.684 mg/kg, and the MNMCSL was 0.656

mg/kg. The MNMCSL was calculated frcm the concentration of 0.020 mg/L based

on the detection limit. The process produced a 3,947-percent increase in the

MNMTCL and an increase in the MNMCSL of 29 percent.

164. Vendor 8, The Vendor 8 process produced an increase in the MNMTCL

of 1,879 percent and an iicrease in the M1MCSL of 44 percent based on a MNIMTCL

of 66.815 mg/kg and a rTMCSL of 0.729 mg/kg. All Cr(VI) concentrations were

below the detection limit, <0.020 mg/L. The detection limit was the basis for

a calculation of the MNMCSL.

Standard Deviation and Relative Standard Deviation

165. Standard deviation was calculated for the fill and clay from the

following equation:

(x- x) (8)
n-1

where

s - standard deviation of n observations

xj- observation

x - mean of the observations

n - number of •bservations

166. The relative standard deviation JD) was calculated from the

following equation:
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RSD = 10 I00 (9)
x

MWEP - total chromium

167. Untreated. The NMLCs for the untreated fill were 5.00, 5.68, and

4.36 mg/kg for replicates A, B, and C, respectively. Based on the NMLC, the

standard deviation was 0.661 and the RSD was 13 percent for the fill.

168. Vendor 1. Vendor 1 varied the amount of additive used among its

replicates; therefore, precision of the results must be based on the NMLC.

The NMLC for the fill was 1.38, 1.10, and 2.75 mg/kg for replicates A, B, and

C, respectively. The standard deviation of the NMLC for fill was 0.883. The

MWEP-l concentrations for the treated fill had an average precision of

51 percent based on NMLC calculations.

169. Vendor 2, The NMLCs for replicates A, B, and C were 1.84, 2.11,

and 2.27 mg/kg, respectively. Precision of the NMLC for the fill was 11 per-

cent. The standard deviation of the NMLC calculated for the fill was 0.22.

170. Vendor 3, The NMLCs were 1.24, 0.73, and 1.75 mg/kg for repli-

cates A, B, and C, respectivelr. The NMLC standard deviation for the fill was

0.51. Based on the NMLC, the precision of the fill was 41 percent.

171. Vendor 4. The NMLCs for replicates A, B, and C were 2.92, 1.76,

and 2.26 mg/kg, respectively. The NMLC standard deviation for the fill was

0.58, and the NMLC RSD was 25 percent.

172. Vendor 5, The NMLCs for replicates A, B, and C were 2.33, 2.39,

and 0.86 mg/kg, respectively. Vendor 5's NMLC standard deviation for the fill

was 0.87, and the NMLC RSD was 47 percent. One replicate had a concentration

one order of magnitude less than the other two replicates, causing the RSD to

be increased.

173. Vendor 6, The NMLCs for replicates A, B, and C were 3.44, 1.26,

and 1.02 mg/kg, respectively. The NMLC standard deviation for the fill was

1.33, and the NMLC RSD based on the mean NMLC concentration was 70 percent.

The highest fill concentration was 0.20 mg/L; the other concentrations were

0.072 and 0.063 mg/L, causing a higher NMLC RSD.

174. Vendor 7l The NI¶LCs for the fill replicates were 0.68, 3.84, and

0.68 mg/kg. The NMLC standard deviation was 1.82 with a NRMLC RSD of 105 per-

cent. The NMLC RSD was >100 percent due to one concentration being one order

of magnitude greater than the other concentrations.
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175. Vendor 8. One concentration of the fill was 0.11 mg/L, approxi-

mately twice the concentration of the other replicates (0.052 and 0.051 mg/L).

The NMLC standard deviation was 0.60, and the NMLC RSD was 47 percent.

MWEP - chromium (VI)

176. Untreated. The NMLCs were 4.87, 4.08, cnd 4.49 mg/kg, respec-

tively, for replicates A, B, and C. The NMLC standard deviation was 0.398,

and the NMLC RSD was 9 percent.

177. Vendor 1. The NMLCs were <0.44, <0.37, and <0.52 mg/kg, respec-

tively, for replicates A, B, and C. The NMLC standard deviation, calculated

based on the detection limit, was 0.072; the NMLC RSD was 16 percent.

178. Vendor 2. The NMLCs for the replicates were 1.70, 2.25, and

2.27 mg/kg. The NMLC standard deviation was 0.33 with an NMLC RSD of

16 percent.

179. Vendor 3. The NMLCs for the replicates were 0.76, 0.84, and

1.91 mg/kg, with an NMLC standard deviation of 0.64 and NMLC RSD of 55 per-

cent. One concentration was double the other two concentrations, causing the

NMLC RSD to be 55 percent.

180. Vendor 4. The concentrations of the Cr(VI) in the fill were

0.13, 0.10, and 0.13 mg/L. The NMLCs for the replicates were 2.38, 1.76, and

2.26 mg/kg. Based on the NMLC concentrations, the standard deviation was

0.33 and the NMLC RSD was 15 percent.

181. Vendor 5. The NMLCs for the replicates were 2.15, 2.57, and

0.84 mg/kg. The NMLC standard deviation for the fill was 0.90, and the NMLC

RSD was 49 percent. One concentration was one third less than the other two,

causing the NMLC RSD to be 49 percent.

182. Vendor 6. Vendor 6's NMLC standard deviation was 1.55, and the

NMLC RSD was 78 percent. The NMLCs were 3.78, 1.22, and 0.98 mg/kg. One con-

centration was considerably higher than the other two, causing an NMLC RSD of

78 percent.

183. Vendor 7. One concentration among the replicates was one order of9•

magnitude greater than the other concentrations, causing a relatively high

NMLC RSD. The NMLCs were 1.23, 3.84, and 0.62 mg/kg. The NMLC standard devi-

ation was 1.55, and the NMLC RSD was 78 percent.

184. Vendor 8. Two concentrations for the fill were <0.027 and

<0.025 mg/L; the other concentration was 0.047 mg/L. The NMLC were calculated

based on the detection limit listed for that concentration and were 0.51,
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based on the ietection limit listed for that concentration and were 0.51,

0.45, and 0.85 mg/kg. The NMLC standard deviation was 0.218 mg/L, and the

NMLC RSD was 36 percent.

TCLP - total chromium

185. Untreated, The total chromium concentrations for the fill were

0.160, 0.160, and 0.081 mg/L and were normalized to 4.102, 3.952, and

2.077 mg/kg, respectively. The NMLC standard deviation was 1.129, and the

NMLC RSD was 33 percent.

186. Vendor 1. The NMLC standard deviation for the fill was 6.5. The

NKLC RSD for the fill was 10 percent. The concentrations for the fill were

within 0.3 mg/L among replicates, providing an NMLC RSD of 10 to 11 percent.

The NMLCs were 58.12, 63.83, and 71.13 mg/kg.

187. Vendor 2, The fill NMLCs were 1.385, 1.827, and 0.738 mg/kg 'or

the replicates, providing an NMLC standard deviation of 0.547 and an NMLC RSD

of 42 percent.

188. Vendor 3, The NMLCs for the fill were 2.49, 1.058, and

1.976 mg/kg. Based on the NMIC concentrations, the NMLC RSD was 39 percent.

189. Vendor 4. One of the replicate concentrations was one order of

magnitude greater than the other replicates. The NMLC concentrations were

9.14, 0.493, and 3.266 mg/L vith an NMLC RSD of 103 percent.

190. Vendor 5. The concentrations of total chromium in the TCLP con-

ducted on the fill were 0.62, 0.63, and 0.33 mg/L. The NMLC was 22.21, 23.13,

and 12.60 mg/kg, respectively, with a standard deviation of 5.83 and an NMLC

RSD of 30 percent.

191. Vendor 6. The concentrations of total chromium in the fill repli-

cates were 0.11, 0.028, and 0.032 mg/L and were normalized to 3.78, 0.98, and

1.04 mg/kg, respectively. Based on the NMLC, the standard deviation was 1.60

and the NMLC RSD was 83 percent. One concentration (0.11 mg/L) was approx-

imately four times the other replicates, causing a high NMLC RSD.

192. Vendor 7, The concentrations of total chromium in the fill were

4.7, 3.7, and 4.1 mg/L and were normalized to 156.60, 123.50, and

129.95 mg/kg, respectively. Based on the NMLC, the standard deviation was

17.55 and the RSD was 13 percent.

193. Vendor 8, For the fill, the concentrations of total chromium were

1.8, 1.8, and 1.9 mg/L. These concentrations were normalized to 67.5, 64.3,

and 68.7 mg/kg, respectively, with an NML7 .tandard deviation of 2.3 and an

NMLC RSD of 3 percent.
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TCLP chromium (VI)

194. Untrea.ed. The concentrations of Cr(VI) in the fill were

<0.020 mg/L for all replicates. Based on the detection limit of 0.020 mg/L,

the NMLCs were calculated as 0.513, 0.494, and 0.513 mg/kg. The NMLC standard

deviation for the fill was 0.011, and the NMLC RSD was 2 percent.

195. Vendor 1. The concentrations of Cr(VI) for the fill were all

<0.020 mg/L. The NMLCs were 0.581, 0.555, and 0.647 mg/kg, respectively, with

an NMLC standard deviation of 0.047 and an NMLC RSD of 8 percent.

196. Vendor 2. The concentrations of Cr(VI) in the fill were 0.028,

0.038, and <0.020 mg/L. Vendor 2 mobilized Cr(VI) based on the concentrations

in the untreated fill and clay. Based on the concentrations in the fill, the

NMLCs were 0.792, 1.068, and 0.568 mg/kg with a standard deviation of 0.251

and an NMLC RSD of 31 percent.

197. Vandor 3. Based on the concentrations of Cr(VI) in the untreated

fill, Vendor 3 mobilized Cr(VI). The concentrations of Cr(VI) in the fill

replicates "-ere 0.068, 0.058, and 0.05 mg/L, corresponding to NMILCs of 2.143,

1.918, and 1.593 mg/kg, respectively. The standard deviation of the NMLCs

were 0.276, and the NMLC RSD was 15 percent.

198. Vendor 4. For the fill, two replicate concentrations were

<0.020 mg/L and the other replicate concentration was 0.042 mg/L. Normaliza-

tion of the concentrations presented 0.731, 0.704, and 1.459 mg/kg of Cr(VI)

leached, with a standard deviation of 0.429 and an NMLC RSD of 44 percent.

199. Yendor 5  The concentrations of Cr(VI) in the fill TCLP extracts

were 0.61, 0.67, and 0.32 mg/L and were normalized to 21.85, 24.60, and

12.21 mg/kg, respectively. Based on the NMLCs, the standard deviation was

6.50 and the NMLC RSD was 33 percent.

200. Vendor 6, The NMLCs for the fill replicates were 1.134, 0.697,

and 0.651 mg/kg with a standard deviation of 0.267 and an NMLC RSD of 32 per-

cent. Two concentrations in the fill leachates were <0.020 mg/L, and the

other concentration was 0.030 mg/L. NMILC concentrations were calculated based

on the detection limit of 0.020 mg/L for the two replicates.

201. Vendor 7. The concentrations of Cr(VI) in the fill leachates were

all <0.020 mg/L. Normalization was based on 0.020 mg/L for the fill, and the

NMLCs were 0.666, 0.668, and 0.634 mg/kg with a standard deviation of

0.019 and an NMLC RSD of 3 percent.

202. V.bndor 8. The Vendor 8 concentrations in the TCLP extracts for

the fill were all <0.020 mg/T.. NMLCs were calculated based on a concentration
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of 0.020 mg/L. Based on the NMLCs for the fill, the standard deviation was

0.019 and the NMLC RSD was 3 percent.

Analysis of variance for MWEP-I and TCLP

203. MWEP-I. The results of an ANOVA conducted on the MWEP-l for the

fill are presented in Table 11. The ANOVA on the HWEP-I showed two groups:

the untreated MWEP-1 data and the data of the samples treated by the vendors.

The MWEP-1 conducted on the untreated fill is significantly different from the

treated fill.

204. TCLP. The results of an ANOVA conducted on the TCLP for the fill

are presented in Table 11. For the fill, an ANOVA conducted on the TCLP data

provided four groups of data that are different. Vendor 7's TCLP is different

from the remaining vendors. Vendor 5 is significantly different from the

remai ing vendors. Vendors 8 and I are not significantly different, but

Vendors 7, 8, and 1 are different from the remaining vendors.

Table 11

Results of ANOVA for TCLP and MWEP-I for the Fill

Mean NMLC
Vendor m/kg GrouT

M EP-_I

6.420 1
4 2.314 2
2 2.072 2

1.905 2
5 1.858 2
1 1.742 2
7 1.734 2
8 1.291 2
3 1.242 2

TCLP

7 136.684 1
8 66.815 2
1 64.358 2
5 19.310 3

5.013 4
4 4.299 4
6 1.932 4
3 1.841 4
2 1.317 4

* Untreated fill.
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PART IV: DISCUSSION OF RESULTS FOR CLAY MATERIAL TESTING

Analysis of Homogenization

205. A major concern during the conduct of the study was the use of a

homogenized sample for the applicatiov. of the S/S processes. An attempt was

made to provide each vendor with a statistically homogeneous sample. The

homogeneity of the samples was evaluated by normalizing the total chrome for

dilution effects of binder addition and by conducting an ANOVA on the normal-

ized chromium values.

Normalization process

206. Normalized mass leached concentration chromium values, which were

calculated to compensate for the dilution effects of adding water and binder

to the clay, are presented in Appendix E. Normalization of the bulk analysis

was calculated for the untreated and treated clay using Equations 1 and 2.

The results of the normalization of total chromium and Cr(VI) for bulk chemi-

stry are presented in Table 12.

Analysis of variance

207. The results of the ANOVA conducted on the clay are presented in

Table 13. The A-NOVA presents five groups that are significantly different.

Vendor 6's sample was different compared to the remaining vendors and was the

highest in total chromium (5,140 mg/kg). The samples from Vendors 5 and

4 were not significantly different and had normalized total chromium values of

4,390 and 3,767 mg/kg, respectively. The third group contains Vendors 2, f
1, and 7 and the untreated clay, and are not significantly different with

normalized total chromium concentrations of 2,944, 2,633, 2,440, and

2,386 mg/kg, respectively. The normalized total chromium values for Ven-

dors 8 and 3 were 2,125 and 1,830 mg/kg, respectively. The fourth group

contains the untreated clay and Vendors 7, 1, and 8; the fifth group contains
Vendors 7, 8, 1, and 3.

Chrome Reduction Study

208, The results of the WES CRS are presented in Table 14 and discussed

below. Two additives were tested, BFS and ferrous sulfate, at varying dosages

and reaction times of 0, 2, 4, 6, and 24 hours in triplicate.
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Table 12

Results of Normalizing Total Chromium and Cr(VI) for

Treated and Untreated Frontier Hard Chrome Clay*

Mean Norm. Mean Norm.
Total Cr Total Cr Cr(VI) Cr(VI)

Vendor ma/kz mg-kg mgLk

2,633 10

1 1,867 2,386 0.014 0.017

2 2,267 2,944 7.3 9.5

3 1,167 1,830 6.9 10.7

4 2,467 3,767 8.4 12.6

5 2,267 4,390 8.4 13.5

6 3,567 5,140 3.6 9.0

7 1,300 2,440 3.2 0.20

8 1,267 2,125 0.140 0.10

* Treatment objective was total chromium 50.05 mg/L.
** Untrea=ted clay.

Table 13

Results of Anova for Bulk Chemistry Conducted on Untreated Clay

Mean NMLC
Vendor mgvAk Group

6 5,140 1

5 4,390 2

4 3,767 2

2 2,944 3

2,633 3,4

7. 2,440 3,4,5

1 2,386 3,4,5

8 2,125 4,5

3 1,830 5

* Untreated clay.
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Table 14

Results for the Chrorme Reduction

Study Conducted on the Clay*

Reaction Time. hr

Additive-to-Soil Ratio 0 2 4 6 24

Blast furnace slag/clay

0.006 2.29 2.51 6.13 1.97 2.88
0.12 1.49 1.57 2.05 1.17 2.53

0.24 0.51 0.86 0.71 1.10 0.68

0.36 0.46 0.50 0.48 0.78 0.43

Ferrous sulfate/clay

0.000026 3.45 2.25 2.87 3.30

0.00052 6.38 2.98 3.23 2.65 4.53

0.0013 4.11 2.07 3.63 2.55 2.00
0.0026 1.93 2.20 2.39 1.94 3.93

Note: Average Cr(VI) concentration in the untreated clay was 3.67 mg/kg.
* Results are presented as mg/kg of Cr(VI).

Untreated clay

209. Triplicate analyses of the untreated clay were conducted to

compare the treated and untreated results for reduction of Cr(VI). The

average of the replicates was 3.67 mg/kg Cr(VI).

Blast furnace slag

210. The ASRs tested were 0.006, 0.12, 0.24, and 0.36. The lowest

average concentration after 24 hr was 0.43 mg/L at an ASR of 0.36. BFS

reduced Cr(VI) more effectively than ferrous sulfate and was selected as the

additive for the detailed evaluation of clay at an ASR of 0.36.

Ferrous sulfate

211. Four ASRs were tested for ferrous sulfate. At the highest ASR,

0.0026, the average concentration was initially 1.93 mg/kg but reached

3.93 mg/kg after 24 hr. The other ASRs had average concentrations of

3.30, 4.53, and 2.00 mg/kg after 24 hr.

Initial Screening Test Results

212. The results of the initial screening test for the clay conducted

by WES are summarized below. The detailed results are presented in Appendix

A. Each time a stabilization process was applied, a batch of material was
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generated. As shown, 8 batches of solidified clay were prepared for the

cement and 15 batches were prepared for the lime/fly ash process.

Cement binder

213. Two WSRs and four ASRs were evaluated. After 8 hours, the 0.4 and

0.7 ASRs with a WSR of 0.1 had CI readings >750 psi. The 1.4/0.1 ASR/WSR

mixture had CI measurements >750 psi after 1 hr. The 0.1/0.1 ASR/WSR mixture

had an average CI reading of 487 psi after 24 hr. The 0.3 WSR produced CI

values >750 psi for ASRs of 0.4, 0.7, and 1.4. A cement ASR of 0.1 with a WSR

of 0.1 was selected for the preparation of specimens for detailed evaluation.

Lime/fly ash binder

214. WSRs of 0.1 and 0.3 were evaluated in the initial screening test.

Four ASRs were evaluated with each WSR. None of the ASR/WSR combinations

provided average CI values >267 psi. Lime/fly ash treatment of the FHC clay

was not evaluated further, and cement was selected as the binder to be evalu-

ated in the detailed evaluation.

Results of Physical Testinz of Clay Material

215. The results of tests on bulk density, Atterberg limits, Proctor

density, UCS, permeability, specific gravity, and set time for the untreated

clay are summarized in Table 15. The results of grain size and moisture con-

tent analyses for the clay are presented in Appendix D.

UCS results

216. Measurements of UCS were performed in triplicate for each repli-

cate after 28 days of cure. Figure 13 presents the results of the UCS tests

conducted on the treated clay.

217. Untreated clay, The untzeated clay specimens were prepared at

Proctor density and allowed to cure for 28 days. The specimens fractured upon

removal from the molds; therefore, UCS tests were not conducted.

218. Vendor 1 The Ensol/Landtreat process did not produce cementi-

tious properties. Removal of the specimens from the molds damaged the speci-

mens because there was no strength gain. No UCS measurements were taken.

219. Vendor 2. The average UCS values of replicates A, B, and C were

26F, 271, and 200 pci, respectively. ASRs for the cement and chemical reduc-

i agent varied slightly among replicates, possibly causing the UCS variabil.

ity. Lower average UCS values for replicate C may be attributed to a smaller

amount of cemenL addition. Replicates A and B had cement ASRs of 0.15, and
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Table 15

Results of Physical Tests Conducted on Untreated Clay

Replicate
Parameter 1.__j _ 2 3

Bulk density, pcf 97.2 101.5 105.8

Proctor density, pcf 134.1 137.2 134.1

Specific gravity 2.66 2,65 2.65

Resistance to 50 47 48
penetration, psi*

Permeability, N/A N/A 3.95E-05
cm/sec*

UCS, psi N/A N/A N/A

Moisture,
% dry weight** 46.13 46.14 47.14

Atterberg limits

Plasticity index 24 25 27

Liquid limit 58 57 59

Plastic limit 34 32 32

* Represents an average of three replicates.

** Rcpresents an average of 33 replicates.
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replicate C had an ASR of 0.1 for cement. Replicate C had a larger ASR for

the chemical reducing agent (0.1), while replicates A and B had an ASR of

0.08.

220. Vendor 3. The average UCS values for replicates A, B, and C were

124, 28, and 49 psi, respectively. One B replicate fractured when extruded

from the mold. Vendor 3 was consistent in the addition of portland cement and

silica to the replicates, but only replicate A developed strengths greater

than 50 psi.

221. Vendor 4. The average UCS values for replicates A, B, and C were

86, 191, and 13 psi, respectively. Vendor 4 increased the ASRs for water with

each replicate, from 0.21 to 0.23 to 0.26 for replicates A, B, and C, respec-

tively. Replicates A and B had UCSs above the 50-psi criterion, but replicate

C did not.

222. Vendor 5, The average UCS values for replicates A, B, and C were

478, 378, and 428 psi, respectively. Vendor 5 added 0.23 ASR of sodium sili-

cate for replicate A and 0.20 ASR sodium silicate for replicates B and C. The

cement ASR remained constant, and all replicates gained strengths greater than

50 psi.

223. Vendor 6. The average UCS values were 97, 81, and 93 psi, respec-

tively. Vendor 6 was consistent in the ASRs added among replicates. All

replicate UCSs were greater than 50 psi.

224. Vendor 7. The average UCS values for replicates A, B, and C were

74, 247, and 154 psi, respectively. The average UCS of replicate B was three

times the average UCS of replicate A. The cement ASRs for replicates A and B

were 0.07 and 0.10, respectively, possibly causing the difference in average

UCS readings. All replicates had UCS values greater than 50 psi.

225. Vendor 8, The average UCS values were 496, 541, and 639 psi for

replicates A, B, and C, respectively. Vendor 8 was consistent among repli-

cates in the addition of ASRs and water, but the average UCS values varied by

143 psi from replicate A to replicate C. Vendor 8 specimens gained the great-

est strengths among processes evaluated, and all UCS readings were >50 psi.

Wet/dry results

226. To determine the durability of the specimens, the wet/dry test was

conducted on three test specimens and three control specimens after 28 days of

cure. The specimens were subjected to 12 cycles of wetting and drying, and

the weight of the specimen was taken after each cycle to determine the loss

during that cycle. Moisture contents were determined on one specimen in order
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to evaluate the percent solids loss for the specimens. A total weight loss of

30 percent constitutes failure of the specimen (ASTM 1990). The average

results of the wet/dry test for the clay are presented in Table 16. The

detailed results by replicate are presented in Appendix E.

Table 16

Results of the Wet/Dry Tests Conducted

on Frontier Hard Chrome Clay

ACCRML After 12 Test Specimen Control Specimen

Vendor Cycles. g (% Loss) (% Loss)

1 NA 100 100

2 -0.31* 0.58 0.89

3 -0.22* 1.20 1.43

4 0.31 1.95 1.65

5 -0.20* 0.33 0.53

6 0.14 1.41 1.28

7 -0.15* 0.60 0.75

8 -0.04* 0.30 0.34

Goal -- 30 30

* Negative result due to greater average relative mass loss in control
sample than in treated sample.

227. Vendor 1. he specimens -prepared by Vendor 1 did not have cemen-

titious properties and failed the wet/dry test after one cycle. All of the

specimens suffered 100 percent solid mass loss.

228. Vendor 2, The average percent solid mass loss from the test and

control specimens was 0.58 percent and 0.89 percent, respectively. The speci-

mens prepared by Vendor 2 passed 12 cycles of the wet/dry test. The ACCRML

was -0.31 g, representing a greater mass loss from the controls than the test

specimens.

229. Vendor 3, The average percent solid mass loss from the test and

control specimens was 1.20 percent and 1.43 percent, respectively. Vendor 3's

specimens had an ACCRML of -0.22 g. The specimens passed 12 cycles of the

wet/dry test, with more sample mass loss from the controls than from the test

specimens.
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230. Vendor 4. The average percent solids loss from the test and con-

trol specimens was 1.95 percent and 1.65 percent, respectively. The test

specimens lost more mass than the controls, which is represented by a positive

ACCRML of 0.31 g. No specimens experienced a mass loss ?30 percent, and th.a

specimens passed 12 cycles of the wet/dry test.

231. Vendor 5, Vendor 5's test and control specimens passed 12 cycles

of the wet/dry test. There was no significant loss of material from the spec-

imens during the 12 wet/dry cycles. The average percent solids mass loss for

the test and control specimens was 0.33 percent and 0.53 percent, respec-

tively. The ACCRML for the specimens was -0.20 g, meaning there was a greater

mass loss from the control specimens than the test specimens.

232. Vendor 6. The test specimens lost more mass than the contiol

specimens, which is indicated by a positive ACCRML of 0.14 g. The test and

control specimens' average percent solids mass los3 was 1.41 percent and

1.28 percent, respectively. The test and control specimens passed 12 cycles

of the wet/dry test.

233. Vendor 7. The ACCRML for the wet/dry specimens was -0.15 g. The

average percent solid mass loss from the test and control specimens was

0.60 percent and 0.75 percent, respectively. More mass was lost from the

control specimens than the test specimens, and the specimens passed 12 cycles 4

of the wet/dry test.

234. Vendor 8._.. The Vendor 8 specimens had an average ACCRiL of

-0.04 g, indicating a greater mass loss from the control specimens than the

test specimens. The average percent solid mass loss from the test and control

specimens was 0.30 percent and 0.34 percent, respectively. The specimens

passed 12 cycles of the wet/dry test.

Permeability results

235. The results of the permeability test conducted on the untreated

and treated clay are summarized in Table 17 and illustrated in Figure 14.

Triplicate readings were conducted on each replicate to obtain an average

permeability after 28 days of cure. Detailed results of permeability testing A

are presented in Appendix E.

236. Untreated clay, The permeability specimens were prepared at Proc-

tor density and allowed to cure for 28 days. Only one permeability specimen,

replicate C, was cohesive enough for permeability testing, with a permeability

of 3.95E-05 cm/sec. Replicates A and B fractured upon removal from the molds.

69

._J



Table 17

Summary of Permeability Test Results for the Clay

Average
Permeability

Vendor Replicate cm/sec

A NA
B NA
C 3.95E-05

A 7.56E-05
B 4.80E-07
C 1.43E-06

2 A 7.63E-06
B 2.61E-06
C 4.87E-06

3 A 8.6?E-08
B 7.66E-07
C 7.38E-05

4 A 1.73E-05
B 6.01E-07
C 1.16E-06

3 A 9.54E-04
B NA
C 1.57E-07

6 A 6.96E-06
B 2.43E-06
C 4.61E-07

7 A 4.30E-06
B 4.26E-07 V

C 6.63E-07

8 A 2.14E-07
B 1.61E-07
C 1.37E-06

Note: Permeability goal was 1E-08 cm/sec or t'-o orders of magnitude less
than untreated clay.

* Untreatcd clay.
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Figure 14. 28-day permeability results for FHC clay

237. Vendor 1. The average permeabilities of replicates A, B, and C

were 7.56E-05, 4.80E-07, and 1.43E-06 cm/sec, respectively. The additions of

water and binder to the clay varied among replicates, possibly causing the

variance among the permeability readings. Treated replicate B had a perme-

ability two orders of magnitude less than the permeability of the untreated

clay replicate C. None of the permeabilities was less than 1E-08 cm/sec.

238. Vendor 2. The average permeabilities of Vendor 2's replicates

were 7.63E-06, 2.61E-06, and 4.87E-06 cm/sec, for A, B, and C, respectively.

The permeabilities of these specimens were one order of magnitude less than

the untreated clay replicate permeability. None of the permeability readings

was less than :E-08 cm/sec.

239. Verdor 3. The first permeability reading for replicate A was

5.52E-08 cm/sec, five times the permeability goal of IE-08 cm/sec. The L.
average permeability of replicate A was 8.67E-08 cm/sec, approximately three

orders of magnitude less than the permeability of the untreated clay. Repli-

cate B had an average permeability two orders of magnitude less than the

untreated permeability, but replicate C had an average permeability of

7.38E-05 cm/sec, twice the permeability of the untreated clay sample. None of

the permeabilities was equal to or less than 1E-08 cm/sec, and replicate C was

not two orders of magnitude less than the untreated clay.

240. Vendor 4 The average per-meabilities of replicates A, B, and A

C were 1.73E-05, 6.01E-07, and 1.16E-06 cm/sec, respectively. The
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permeabilities were consistent among replicates, but were not equal to or less

than 1E-08 cm/sec, the goal for permeability of the treated clay, nor were the

permeabilities two orders of magnitude less than the untreated clay

permeability.

241. Vendor 5, The average permeabilities of replicates A and C were

9.54E-04 and 1.57E-07 cm/sec, respectively. The operator was unable to

saturate replicate B; therefore, no permeability readings were recorded. The

average permeability of replicate A was one order of magnitude greater than

the permeability of the untreated clay, but the average permeability of repli-

cate C was two orders of magnitude less than the permeability of the untreated

clay. Vendor 5 representatives added more sodium silicate to replicate A (at

a ratio of 0.23 g sodium silicate/g wet clay) than replicates B and C (at

0.20 g sodium silicate/g wet clay), which may explain the difference in per-

meabilities. However, Vendor 5 representatives added the same amounts of

cement and sodium silicate to replicates B and C, but no permeability reading

was recorded for replicate B.

242. Vendor 6, The average permeabilities of replicates A, B, and

C were 6.96E-06, 2.43E-06, and 4.61E-07 cm/sec, respectively. One permeabil-

ity reading on replicate C was two orders of magnitude less than the perme-

ability of the untreated clay, and no permeability readings were less than or

equal to IE-08 cm/sec. The permeabilities did not meet the designated

criterion.

243. Vendor 7. The average permeabilities for replicates A, B, and

C were 4.30E-06, 4.26E-07, and 6.63E-07 cm/sec, respectively. The average

permeability of replicate B was approximately two orders of magnitude less

than the permeability of the untreated clay. The permeabilities among repli-

cates remained consistent, but no individual permeabilities were less than or

equal to 1E-08 cm/sec.

244. Vendor 8. The average permeabilities were 2.14E-07, 1.61E-07, and

1.37E-06 cm/sec for replicates A, B, and C, respectively. Two replicates, A

and B, had permeabilities two orders of magnitude less than the permeability

of the untreated clay, but the average permeability of replicate C was only

one order of magnitude less than the permeability of the untreated clay. No

permeability readings were equal to or less than 1E-08 cm/sec.

Bulk density j
245. The bulk density was measured in triplicate for each replicate,

and the results are presented iui Appendix E.
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Volumetric change

246. Based on the bulk density of the treAted material and the Proctor

density of the untreated clay, the volunetric change caused by the addition of

binders was calculated as described in the fill section. These results are

summarized in Table 18 and represented in Figure 15.

247. Untreated clay, The Proctor densities of the untreated clay were

134.1, 137.2, and 134.1 lb/ft3 , for replicates A, B, and C, respectively, and

were the basis for volumetric increase calculations. The bulk densities of

Table 18

Results of Volumetric Change Calculations for the Clay

Bulk Density Volumetric
Vendor Replicate lb/ft3 Increase, %

A 97
B 102
C 106

A 120 29
B 126 28
C 121 33

2 A 125 51
B 121 56
C 129 46

3 A 116 77
B 121 79
C 125 77

4 A 106 86
B 100 63
C 98 62

5 A 109 104
B i11 102
C 110 98

6 A 109 71
B ).12 79
C 113 70

7 A 123 89
B 123 96
C 123 95

8 A 117 87
B 116 85
C 117 84

*Untreated clay.
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Figure 15. Volumetric change resulting from the addition
of additives for FHC clay

the untreated clay were 97.2, 101.5, and 105.8 lb/ft 3 , for replicates A,. B,

and C, respectively, and were the basis for volumetric increase calculations.

248. Vendor 1. The volumetric increases for replicates A, B, and

C were 29, 28, and 33 percent, respectively. Vendor I had the lowest volume

increase of any of the vendors.

249. Vendor 2. The volumetric increase caused by the addition of addi-

tives for replicates A, B, and C were 51, 56, and 46 percent, respectively.

250. Vendor 3. The Vendor 3 process increased the volume based on the

average bulk densities for replicates A, B, and C by 77, 79, and 77 percent,,

respectively.

251. Vendor 4. The volume increase for replicate A was 86 percent, and

the volume increases for replicates B and C were 63 and 62 percent, respec-
tively. The higher volume increase for replicate A may be attributed to any

number of factors. The variable factor in the mixing process was a 0.21 WSR

for replicate A and WSRs of C.23 and 0.26 for replicates B and C,

respectively.

252. Vendor 5. Vendor 5's process doubled the volume required for the

treated material. The volumetric increases were 104, 102, and 98 percent for

replicates A B, and C, respectively. Vendor 5's volumetric increases

resulted mair,,y frnm additions of 0.25 cement and 0.20 sodium silicate.
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253. Vendor 6. Vendor 6 increased the volume occupied by the untreated

material by 70, 79 an. 70 percent for treated replicates A, B, and C,

respectively.

254. Vendor 7. Vendor 7 increased the volume of the clay by 89,

96, and 95 percent for replicates A, B, and C, respectively, approximately

doubling the volume required for the clay. The volumetric increase may be

largely due to the 0.42 ASR of fly ash added to the clay.

255. Vendor 8. The Vendor 8 process increased the volume of the clay

for replicates A, B, and C by 87, 85, and 84 percent, respectively. Vendor

8 added a 0.36 ASR of blast furnace slag to the clay, which may have largely

contributed to the volumetric increase.

256. The slump was measured for each replicate of the clay immediately

after the mixing process was complete. When two consecutive tests showed a

falling away characteristic, the mixture lacked cohesiveness and the slump

test was not applicable. The results of the slump arc presented in

Appendix E.

257. Vendor 1 slumps for the replicates were 6, 5, and 6.25 in. for

A, B, and C, respectively. Slumps of 0 in. were calculated for all replicates

of mixtures from Vendors 2, 3, 4, 7, and 8. Vendor 5's replicate A had a

slump of 0.5 in., and Vendor 6 slumps were 6 in. for replicate C and 5 in. for

replicates A and B.

Moisture results

258. The results of moisture content tests conducted on the treated

clay are presented in Appendix E. Moisture tests were performed in triplicate

for each replicate of the treated clay after 28 days of cure.

Set time

259. The results of the set time conducted on the treated clay after

2, 4, 8, 24, and 48 hr of cure are presented in Appendix E. CI readings were

taken in triplicate for each curing time.

Specific gravitv

260. The specific gravities were measured in triplicate for the treated

clay after 28 days of cure and are presented in Appendix E.

Bleed water

261. Vendor l's specimens had a layer of water approximately 2 mm thick

on the surface of the one specimen, replicate A. Vendor 5 had a layer of

water approximately 1 mm in thickness on the surface of all the specimens,
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Specimens prepared by Vendors 3, 7, 2, 4, and 6 did not have a layer of water

on their surface.

Cracking

262. Vendor l's specimens did not have cementitious properties. The

replicate C specimens deformed when extruded from the molds. The Vendor 3 and

Vendor 4 specimens had small voids in each of the replicates. Vendor 6's

specimens had small voids on replicates B and C for the clay. The Vendor 7

specimens had voids in each of the replicates for the clay. The Vendor 8

specimens had cracks approximately 2 to 3 mm in length on all three replicates

for the clay.

Results of Contaminant Release Testing

MWEP-l results for clay

263. The results of total chromium and Cr(VI) in the MWEP-I for treated

and untreated clay for each vendor S/S process are presented in Appendix E.

Figures 16 and 17 represent the results of MWEP-I concentrations of total

chromium and Cr(VI), respectively.

264. Untreated clay. The replicate concentrations for the HWEP-I

leachates were 0.081, 0.071 and 0.049 mg/L for total chromium, and 0.091,

0.069, and 0.057 mg/L for Cr(VI). Replicate A shows a greater concentration

of Cr(VI) than total chromium, apparently an anomaly in the results. Most of

the total chromium present in the leachates was in the form of Cr(VI).

265. Vendor 1. The MWEP-l concentrations of total chromium were all

above the MWEP-l 0.05-mg/L criterion. The mean MWEP-I concentration was

0.11 mg/L, and the mean Cr(VI) concentration was <0.038 mg/L.

266. Vendor 2. The f;EP-l concentrations were all above the 0.05-mg/L

drinking water criterion for chromium. The chromium present was in the form

of Cr(VI). The mean Cr(VI) concentration was 0.74 mg/L, and the mean total

chromium concentration was 0.757 mg/L.

267. Vendor 3, The mean W;EP-l concentration was 0.12 mg/L total

chromium, and the mean Cr(Vl) concentration was 0.12 mg/L. The chromium pres-

ent was in the hexavalent form and caused the replicate concentrations to be

above the 0.05-mg/L criterion.

268. Vendor 6, The mean concentration of the replicate total chromium

was 0.28 mg/L, and the Cr(VI) was 0.29 mg/L. The concentration of Cr(VI) was
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greater than the concentration of total chromium. The chromium in Vendor 4's

specimens was in the form of Cr(VI).

269. Vendor 5. The concentrations of total chromium in the MWEP-l

leachates were 0.46, 0.18, and 0.32 mg/L for all replicates. The concentra-

tions were above the 0.05-mg/L criterion for the MWEP-l. The mean total chro-

mium concentration was 0.32 mg/L, and the mean Cr(VI) concentration was

0.26 mg/L, indicating a majority of the chromium exists as Cr(VI).

270. Vendor 6. The total chromium concentrations o' the MWEP-I

replicates were 0.59, 0.51, and 0.62 mg/L. The total chromium replicate con-

centrations were above the 0.05-mg/L criterion. The mean total chromium con-

centration and the Cr(VI) concentration were 0.57 mg/L, indicating that

chromium that was present in the hexavalent form.

271. Vendor 7 The concentrations of total chromium ini the MWEP-I

replicates were 0.10, 0.042, and 0.056 mg/L. The concentrations of Cr(VI)

were 0.10, 0.021, and 0.017 mg/L. The second replicate total chromium concen-

traticn was less than the 0.05-mg/L criterion, but the remaining concentra-

tions were greater than the O.05-mg/L criterion.

272. Vendor 8 The mean MWEP-I concentration of total chromium in the

replicates was 0.24 mg/L, and the mean MWEP-1 Cr(VI) concentration was

<0.028 mg/L. The chromium existed in the leachates as Cr(III). The replicate

leachate concentrations were above the 0.05-mg/L concentration designated for

the MWEP-I.

TCLP results for clay

273. The results of the TCLP conducted on treated and untreated clay

for total chromium and Cr(Vl) are presented in Appendix E. Figures 18 and 19

represent the results of the TCLP for total chromium and Cr(VI), respectively.

274. Untreated clay. The Cr(VI) TCLP concentrations for untreated clay

were all <0.020 mg/L. The total chromium concentrations were 0.22, 0.18, and

0.18 mg/L, with a mean total chromium concentration of 0.19 mg/L. The concen-

trations were below the 5.0-mg/L criterion for the TCLP.

275. Vendor 1. The Vendor I process produced total chromium concentra-

tions of 4.4, 4.2, and 4.4 mg/L. Cr(VI) concentrations were all <0.020 mg/L,

meaning the chromium present was in the trivalent form.

276. Vendor 2. The total chromium concentrations in the TCLP conducted

on clay treated by Vendor 2 were 0.094, 0.063, and 0.11 mg/L, with a mean of

0.089 mg/L. The concentrations of Cr(VI) were 0.075, 0.046, and 0,10 mg/L,

producing a mean concentration of 0,074 mg/L Cr(VI)'.
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277. Vendor 3, The total chromium concenitrations were 0.062, 0.12, and

0.004 mg/L; the Cr(VI) concentrations were 0.069, 0.19, and 0.18 mg/L. The

Cr(VI) concentrations were higher than -he total chromium concentrations,

apparently representing an anomaly in the results. The mean concentrations

for Cr(VI) and total chromium were 0.15 and 0.062 mg/L, respectively.

278. Vendor 4, The total chromium ccncentrations for the clay were

0.012, 0.019, and 0.21 mg/L. The Cr(VI) concentrations were <0.020, 0.049,

and 0.038 mg/L for replicates 1, 2, and 3, respectively.

279. Vendor 5, The chromium present in the leachates was in the hexa-

valent form. The TCLP conducted on the treated clay had concentrations of

0.57, 0.53, and 0.62 mg/L for total chromium and 0.61, 0.56, and 0.69 mg/L for

Cr(VI). The Cr(VI) coticentrations were higher than the total chromium concen-

trations for all replicates.

280. Vendor 6, The chromium present in the TCLP conducted on the

treated clay was in the trivalent form. The concentrations of total chromium

were 0.072, 0.17, and 0.050 mg/L; the Cr(VI) concentrations were 0.021,

0.061, and <0.020 mg/L. The concentrations of total chromium were all below

the 5.0-mg/L criterion for total chromium designated by the TCLP.

281. Vendor 7 Cr(VI) concentrations in the TCLP conducted on the

treated clay were all <0.020 mg/L. The total chromium concentrations were

7.3, 8.1, and 10 mg/L. The concentrations of total chromium in the TCLP

leachate are above the 5.0-mg/L criterion for total chromium in the TCLP.

282. Vendor 8, The Cr(VI) concentrations in the TCLP were all

<0.020 mg/L, and the total chromium concentrations were 4.5, 3.8, and

4.4 mg/L. The concentrations were below the 5.0-mg/L criterion for total

chromium in the TCLP.

Effects of Dilution on Leaching

MWEP-! results for clay

283. Untreated clay, The mean NMLCs of total chromium and Cr(VI) were

0.977 and 1.053 mg/kg, respectively. Based on the NMLC for total chromium and

Cr(VI), the efficiency of the vendor processes was evaluated.

284. Vendor 1, Normalization of the total chromium concentrations pre-

sented a 2,-'TCL of 1.938 mg/Kg. The mean NMLC of the M1TTCL increased by

98 percent, and the MM4CSL was decreased by 38 percent. Vendor. 1 decreased

mobilization of Cr(VI) but increased mobilization of Cr(III).
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285. Vendor 2, The mean NMLC of total chromium was 11.74 mg/kg,

resulting in an increase in the MNMTCL of 1,102 percent. The mean NMLC for

Cr(VI) was 11.41 mg/kg, representing an increase in the MNMCSL of 984 percent.

286. Vendor 3. The mean NMLC for total chromium was 2.249 mg/kg, and

the mean NMLC for Cr(VI) was 2.291 mg/kg. The Vendor 3 process caused an

increase in the MNMTCL of 130 percent and an increase in the MNMCSL of

118 percent.

287. Vendor 4. Based on the mean total chromium NMLC (5.883 mg/kg),

and the mean Cr(VI) NMLC (6.001 mg/kg), there was an increase in the MNMTCL of

502 percent and an increase in the MNMCSL of 470 percent. The presence of

Cr(VI) caused the increase in the MNMTCL.

288. Vendor 5. Based on the MNMTCL of 7.207 mg/kg, the increase in

MNMTCL was 638 percent. The N-MCSL was 5.842 mg/kg, causing an increase in

MNMCSL from the untreated clay of 455 percent.

289. Vendor 6. Compared to the mean normalized concentration of the

untreated MWEP-1 leachate, there was an increase of total chromium in the

treated leachate of 1,115 percent and an increase in Cr(VI) of 1,020 percent.

290. Vendor 7. The second replicate represented an increase in the

MNMTCL of 60 percent when compared to the untreated MWEP-I concentration for

that replicate. There was an increase in the HNMTCL of 40 percent and a

decrease in the MNMCSL of 9 percent.

291. Vendor 8. The Vendor 8 treatment process caused an increase in

the MNMTCL of 366 percent and a decrease in the MNMCSL of 50 percent. Vendor

8 successfully reduced Cr(VI), but Cr(III) remained mobile.

TCLP results

292. Normalization of the TCLP results was calculated according to the

methods described for normalization of the MWEP-I (paragraph 206). These

resuitq are pr-...nted in Appendix E.

293. Untreated clay, The N"LCs were 5.603 mg/kg total chromium and

0.578 mg/kg Cr(VI) in the TCLP. Based OTt the NMLCs for the untreated clay,

the efficiency of each vendor process was calculated as a percentage of the

untreated NMLC.

294. Vendor 1. The mean tNLC of total chromium was 146.8 mg/kg

chromium, producing a 2,520-percent increase in the MNMTCL in the TCLP for

clay. The concentrations of Cr(VI) were all <0.020 mg/L. The mean NMLC for

Cr(VI) was 0.678 mg/kg based on the detection limit, producing a 17-percent

increase in the MINMCSL.



295. Vendor 2,. Normalization of the total chromium produced masses of

2.863, 2.013, and 3.384 mg/kg, respectively, for the replicates. Vendor 2

reduced the MNMTCL in the treated TCLP by 51 percent and increased the MNMCSL

by 294 percent.

296. Vendor 3. Based on total chromium concentrations, Vendor 3

reduced the MNMTCL by 59 percent and increased the MNMCSL by 843 percent. The

MINMTCL was 2.303 mg/kg, and the MNMCSL was 5.455 mg/kg.

297. Vendor 4. The mean normalized total chromium leached was

2.586 mg/kg, producing a 54-percent reduction in the MNMTCL compared to the

total chromium leached in the TCLP conducted on the untreated clay. The mean

NMLC for Cr(VI) was 1.348 mg/kg, resulting in a 133-percent increase in the

MNMCSL.

298. Vendor 5. The mean NMLCs for total chromium and Cr(VI) were

25.666 and 27.764 mg/kg, respectively. The Vendor 5 process increased the

NMTCL for the treated clay compared to NMTCL for untreated clay by 358 per-

cent. The MNMCSL was increased by 4,701 percent.

299. Vendor 6. '..e mean NMLC of total chromium was 3.999 mg/kg,

decreasing the MNMTCL by 29 percent. The mean NMLC for Cr(VI) was 1.397

mg/kg, resulting in a 142-percent increase in the M!N1MCSL.

300. Vendor 7, The NMLC was 347.174 mg/kg total chromium, representing

a 6, 0 97-percent increase in total chromium leached in the TCLP. All Cr(VI)

concentrations were <0.020 mg/L. The mean NMLC for Cr(VI) was 0.823 based on

the detection limit, an increase in the 4NMCSL of 42 percent.

301. Vendor 8. The MNMTCL was 158.328 mg/kg, representing a
2 ,726-percent increase in the MM'-MTCL in the TCLP. All Cr(VI) concentrations

were <0.020 mg/L. Based on the detection limit, the mean NMLC for Cr(VI) was

0.749 mg/kg, an increase in the MNCSL of 30 percent.

Standard Deviation and Relative Standard Deviation

MWEP - total chromium

302. Untreated. The NMLCs for replicates A, B, and C were 1.21, 1.06,

and 0.66 mg/kg, respectively. The NMLC standard deviation for the clay was

0.283 with a NMLC RSD of 29 percent.

303. Vendor 1, Vendor 1 varied the amount of additive used among their

replicates; therefore, precision of the results must be based on the NMLC.

The NMLCs for replicates A, B, and C were 1.09, 2.18, and 2.54 mg/kg,
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respectively. The standard deviation of the NMLC for clay was 0.76. The

MWEP-l concentrations for the treated clay had an average precision of 39

percent for the clay, based on NMLC calculations.

304. Vendor 2. The NMLCs for replicates A, B, and C were 9.75, 10.86,

and 14.61 mg/kg, respectively. Precision of the NMLC for the clay was 22

percent. The standard deviation of the NMLC calculated for the clay was 2.55.

305. Vendor 3, The NMLCs for replicates A, B, and C were 2.48, 2.20,

and 2.07 mg/kg, respectively. The NMLC standard deviation for the clay was

0.21. Based on the NMLC, the precision of the clay was 9 percent.

306. Vendor 4. The NMLCs for replicates A, B, and C were 0.34, 11.76,

and 5.55 mg/kg, respectively. The NMLC standard deviation for the clay was

5.88, and the NMLC RSD was 97 percent. Two replicate concentrations were

0.57 and 0.26 mg/L. The other replicate concentration for the MWEP-l was

0.02 mg/L, causing a large NMLC RSD.

307. Vendor 5, The NMILCs were 10.47, 3.90, and 7.25 mg/kg for repli-

cates A, B, and C, respectively. The clay NMLC standard deviation was

3.29 with an NMLC RSD of 46 percent.

308. Vendor 6. The NMLCs were 12.20, 10.37, and 13.04 mg/kg for repli-

cates A, B, and C, respectively. Based on N"LC concentrations, the standard

deviation was 1.36 and the NMLC RSD 11 percent.

309. Vendor 7, The NMLCs were 2.12, 0.86, and 1.12 mg/kg for repli-

cates A, B, and C, respectively. The NMLC standard deviation for the clay was

0.66 and the NMLC RSD was 49 percent.

310. Vendor d, The NMLCs were 4.93, 4.80, and 3.93 mg/kg for repli-

cates A, B, an-'K C, resp~cctively. The N1MLC standard deviation for the clay was

0.54 and the NMLC RSD was 12 percent.

MWEP - chromium (VI)

311. Untreated. The NMLCs for replicates A, B, and C were 1.36, 1.03,

and 0.77 mg/kg, respectively. The NMLC standard deviation for the clay was

0.295 with an NMLC RSD of 28 percent.

312. Vendor I, The NMLCs for replicates A, B, and C were <0.39, <0.83,

and <0.74 mg/kg, respectively. The NMLC standard deviation was 0.233, and the

NMLC RSD was 35 percent.

313. Vendor 2. The NMLCs for replicates A, B, and C were 9.90, 9.27,

and 15.08 mg/kg, respectively. The NMLC standard deviation for the clay was

3.19, with an NMLC RSD of 28 percent.
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314. Vendor 3. The NMLCs for replicates A, B, and C were 1.68, 2.75,

and 2.45 mg/kg, respectively. The NMLC standard deviation for the clay was

0.55, and the NMLC RE was 24 percent.

315. Vendor 4. The NMLCs for replicates A, B, and C were 1.11, 11.35,

and 5.55 mg/kg, respectively. The NMLC RSD was 86 percent. The high NMLC RSD

for the clay was the result of one concentration that was one order of magni-

tude less than the remaining two. In calculating the NMLC RSD, the detection

limit was used with the other two replicate concentrations.

316. Vendor 5. The NMLCs were 6.83, 3.90, and 6.80 mg/kg for repli-

cates A, B, and C, respectively. The NMLC standard deviation was 1.68 with an

NMLC RSD of 29 percent.

317. Vendor 6. The concentrations of the clay replicates were 0.62,

0.51, and 0.58 mg/L, all within a 0.ll-mg/L difference. The NMLCs were 12.82,

10.37, and 12.20 mg/kg for replicates A, B, and C, respectively. For the

clay, the NMLC standard deviation was 1.27 and the NMLC RSD was 11 percent.

318. Vendor 7, The NXLCs were 2.11, 0.43, and 0.34 mg/kg, for repli-

cates A, B, and C, respectively. One concentration among the replicates was

one order of magnitude greater than the other concentrations, causing a rela-

tively high NMLC RS3. The NMLC standard deviation was 1.00 with an NM1LC RSD

of 104 percent.

319. Vendor 8, For the clay, the concentrations were <0.027, <0.029,

and <0.028 mg/L. Based on the detection limit concentrations, the NMLC con-

centrations were calculated. The NMLCs were 0.49, 0.56, and 0.52 mg/kg for

replicates A, B, and C, respectively. The NMLC standard deviation was 0.032,

and the NMLC RSD was 6 percent.

TCLP - total chromium

320. Untreated. The replicate concentrations were within 0.03 mg/L

among replicates. The NMLCs for replicates A, B, and C were 6.57, 5.37, and

4.86 mg/kg, respectively. The NMLC standard deviation was 0.875, and the NMLC

RSD was 16 percent.

321. Vendor 1. The N"LCs for replicates A, B, and C were 128.15,

152.30, and 160.00 mg/kg, respectively. The NMLC standard deviation was

16.61. The NMLC RSD clay was 11 percent.

322. Vendor 2, The NMLCs for replicates A, B, and C were 2.86, 2.01,

and 3.38 mg/kg, respectively, providing a NMLC RSD for the clay of 25 percent.

323. Vendor 3, The NMLCs were 2.37, 4.39. and 0.151 mg/kg for repli-

cates A, B, and C, respectively. The lowest NMLC was based on a TCLP
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concentration of 0.004 mg/L and was two orders of magnitude less than one of

the replicates. The NMLC RSD was 92 percent.

324. Vendor 4, The concentrations of chromium in the clay were 0.012,

0.019, and 0.21, which normalized to 0.511, 0.784, and 6.46 mg/kg, respec-

tively. Based on the NMLC concentrations, the NMLC RSD was 130 percent.

325. Vendor 5. TCLP concentrations of 0.57, 0.53, and 0.62 mg/L nor-

malized to 25.95, 22.95, and 28.10 mg/kg, respectively. The NMLC standard

deviation was 2.59 with a NMLC RSD of 10 percent.

326. Vendor 6. The TCLP concentrations were 0.07, 0.17, and 0.05 mg/L,

which correspond to NMLCs of 2.98, 6.91, and 2.10 mg/kg, respectively. The

NMLC standard deviation was 2.56, and the NMLC RSD was 64 percent.

327. Vendor 7, The total chromium concentrations in the clay repli-

cates were 7.3, 8.1, and 10.0 mg/L. The NMLCs were 309.26, 331.91, and

400.35 mg/kg, respectively. The NMLC standard deviation was 47.4, and the

NMLC RSD was 14 percent.

328. Vendor 8, The concentrations of total chromium in the clay were

4.5, 3.8, and 4.4 mg/L and were normalized to 164.3, 146.0, and 164.7 mg/kg,

respectively. Based on the NMLC, the standard deviation was 10.7 and the NMLC

RSD was 7 percent.

TCLP - chromium (VI)

329. Untreated, The concentrations of Cr(VI) in the clay were

<0.020 mg/L for all replicates. Based on the detection limit of 0.020 mg/L,

the NMLCs were calculated as 0.60, 0.60, and 0.54 mg/kg for the clay. The

NIMLC standard deviation for the clay was 0.033, and the NMLC RSD was

6 percent.

330. Vendor 1. The concentrations of Cr(VI) for the clay were all

<0.020 mg/L. The clay NMLCs were 0.58, 0.73, and 0.73 mg/kg with a standard

deviation of 0.083 and NMLC RSD of 12 percent.

331. Vendor 2. The !TMLCs for clay were 2.28, 1.47, and 3.08 mg/kg with

a standard deviation of 0.803 and N.¶LC RSD of 35 percent.

332. Vendor 3. Based on the concentrations of Cr(VI) in the untreated

clay, Vendor 3 mobilized Cr(VI). The concentrations of Cr(VI) were 0.07,

0.19, and 0.18 mg/L and were normalized to 2.63, 6.96, and 6.78 mg/kg, respec-

tively. The NMLC RSD was 45 percent.

333. Vendor 4, The NMLCs for the clay were 0.85, 2.02, and 1.17 mg/kg

with a standard deviation of 0.605 and NNLC RSD of 45 percent.
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334. Vendor 5. The concentrations in the TCLP extracts were 0.61,

0.56, and 0.69 mg/L. The NMLCs were 27.77, 24.25, and 31.28 mg/kg of Cr(VI)

leached with a standard deviation of 3.515 and NKLC RSD of 13 percent.

335. Vendor 6, The NMLC standard deviation and NMLC RSD for the clay

were 0.939 and 67 percent, respectively, based on NMLCs of 0.87, 2.48, and

0.84 mg/kg.

336. Vendor 7. The concentrations of Cr(VI) in the clay leachates were
all <0.020 mg/L. Normalization based on 0.020 mg/L for the clay resulted in

NMLCs of 0.85, 0.82, and 0.80 mg/kg. The NMLC standard deviation was 0.023,

and the NMLC RSD was 3 percent.

337. Vendor 8. The Vendor 8 concentrations in the TCLP extracts for

the clay were all <0.020 mg/L. NMLCs, which were calculated based on a

concentration of 0.020 mg/L, were 0.73, 0.77, and 0.75 mg/kg. The NMLC

standard deviation and NMLC RSD for the clay were 0.019 and 3 percent,

respectively.

Analysis of variance for MWEP-I and TCLP

338. MWEP-I, The results of the A2OVA conducted on the clay for the

MWEP-l are presented in Table 19. An ANOVA conducted on the MWEP-l data

showed four groups of data. Vendors 6 and 2 are not significantly different,

and Vendors 4 and 5 are not significantly different. Vendors 4, 8, 3, 1, and

7 are intertwined in groups that are not significantly different.

339. TCLP. The results of an ANOVA conducted on the clay on the TCLP

are also presented in Table 19. For the clay, the TCLP data contains three

groups. Vendor 7 is significantly different from the remaining vendors.

Vendors 8 and 1 are not significantly different and are the second group.

Group 3 contains the remaining vendors, which are not significantly different.
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Table 19

Results of ANOVA for TCLP and MWEp-1 for Total Chromium in the Clay

Mean NMLC
Vendor mzl~.Group

6 11.871 1
2 11.742 1
5 7.207 2
4 5.883 2,3
8 4.554 2,3,4
3 2.249 3,4
1 1.938 3,4
7 1.367 3,4

0.977 4

TCLP

7 347.17 1
8 158.33 2
1 146.81 2
5 25.67 3

5.60 3
6 4.00 3
2 2.75 3
4 2.59 3
3 2.30 3

V

I,

*Untreated clay.
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PART V: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

340. A bench-scale study conducted on FHC fill and clay was conducted

to evaluate the effectiveness of S/S technologies on immobilization of chro-

mium and Cr(VI). The physical tests conducted on the untreated fill and clay

were moisture content, UCS, bulk density, permeability, grain size analysis,

Proctor density, specific gravity, Atterberg limits, and resistance to pene-

tration. The physical tests conducted on the treated fill and clay were mois-

ture content, UCS, bulk density, permeability, specific gravity, set time,

bleed water, slump, cracking, and wet/dry durability. Chemical characteriza-

ton Lccsisted of MWEP-I, TCLP, and bulk chemistry analyses for the treated

un- -ated fill and clay. Tables 20 and 21 present the results of the

pbysccal and chemical tests for the fill and clay, respectively, on a

pass/n.ail basis. Conclusions based on these results are summarized below.

Table 20

Results of Phvsical and Chemical Tests Conducted on

Frontier Hard Chrome Fill

Criterion
Permeability -

1E-08 cm/sec Wet/Dry -

UCS - or 2 Orders of 30% Solids MWEP-I - TCLP -

Vendor >50 psi Magn. < Untreated Loss 0.05 mR/L 5.0 mg!L

Fail Fail** NA Fail Pass

1 Fail Fail Fail Fail Pass

2 Pass Fail Pass Fail Pass

3 Pass Fail Pass Fail Pass

4 Pass Fail Pass Fail Pass

5 Pass Fail Pass Fail Pass

6 Pass Fail Pass Fail Pass

7 Pass Fail Pass Fail Pass

8 Pass Fail Pass Fail Pass

* Untreated fill.

** The permeability results for the untreated fill were not <IE-08 cm/sec.
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Table 21

Results of Physical and Chemical Tests Conducted on

Frontier Hard Chrome Clay

Criterion
Permeability -

lE-08 cm/sec Wet/Dry -

UCS - or 2 Orders of 30% Solids MWEP-I - TCLP -

Vendor >50 psi Magn, < Untreated Loss 0.05 mg/L 5.0 mg/L

-- * Fail Fail** NA Fail Pass

1 Fail Fail Fail Fail Pass

2 Pass Fail Pass Fail Pass

3 Fail Fail Pass Fail Pass

4 Fail Fail Pass Fail Pass

5 Pass Fail Pass Fail Pass

6 Pass Fail Pass Fail Pass

7 Pass Fail Pass Fail Fail

8 Pass Fail Pass Fail Pass

* Untreated clay.

** The permeability results for the untreated fill were not <lE-08 cm/sec.

a. Binders can be added to the fill and clay to produce UCS
values above the 50-psi criteria. The following vendors
were successful in meeting the 50-psi criteria for the fill
and clay: Vendor 2, Vendor 5, Vendor 6, Vendor 7, and
Vendor 8.

b. None of the vendors was successful in reducing the perme-
ability of the fill and clay to 1E-08 cm/sec or two orders
of magnitude less than the permeability of the untreated
fill and clay.

C. The S/S processes applied in this investigation can produce
specimens that pass 12 cycles of the wet/dry test. Vendor 1

specimens failed to pass the wet/dry test, but the remaining
vendors were successful.

d. Although a large portion of the fill contains debris, the

fill and clay can be mixed with the binders. t
e. The treated fill and clay can pass the 5.0-mg/L TCLP crite-

rion for chromium. Excluding Vendor 7, the remaining ven-
dors passed the TCLP.

f. The S/S processes applied in this investigation did not pass
the 0.05-mg/L criterion for chromium in the MWEP-l.

Z. Cr(VI) can be reduced by reagents added to the S/S process.
Cr(VI) concentrations in the untreated fill and clay were
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<0.020, indicating that reactions with the acetic acid

leachate fluid may reduce Cr(VI) without treatment. In the

MWEP-l, three vendors were successful in reducing Cr(VI) in

the fill and clay: Vendor 1, Vendor 7, and Vendor 8.

Although Cr(VI) was reduced, the total chromium concentra-

tion did not meet the criterion for the MWEP-l.

Recommendations

341. Recommendations based on results of this study are summarized

below.

&. The criteria designated for the permeability were not met.

Discussions during the design phase of the bench-scale

investigation revealed that the criteria may not be within

reach. Reevaluation of the criteria may be necessary.

b. Although some of the S/S processes reduced the leachability of

chromium in the M4WEP-l, the 0.05-mg/L criterion was not

achieved. Determinations as to whether this criterion is

applicable must be made before preceding with application of

the S/S technologies demonstrated it, this investigation.

c. Based on the bench-scale evaluation, application of some of

the S/S technologies investigated in this study improves the

physical handling properties of the soils and reduces Cr(VI),

indicating success might be attainable in a field investiga-

tion. However, the chromium concentrations in TCLP and KWEP-I

leachates were greater after treattent than they were before

treatment, indicating that S/S technologies should not be

applied to improve chemical properties of the soils.
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Table Al

Matrix of SDecjiner-.sPrrared for Initial Soil/Binder

Screeninz for the Frontier Hard Chrome Fill

D.lder/Soil Ratio Water/Soil Ratio Number of Specimens

Cement/soil

0.3 0.1 1
0.4 0.1 1
0.7 0.1 1
1.4 0.1 1
0.1 0.3 1
0.4 0.3 1
0.7 0.3 1
1.4 0.3 1

Total: 8
i.Ame/fly ash/soil

0.1/0.1 0.1 1
0.1/0.4 0.1 1
0.1/0.7 0.1 1
0.4/0.1 0.1 1
0.4/0.4 0.1 1
0.4/0.7 0.1 1
0.7/0.1 0.1 1
0.1/0.1 0.3 1
0.1/0.4 0.3 1
0.1/0.7 0.3 1
0.4/0.1 0.3 1
0.4/0.4 0.3 1
0.4/0.7 0.3 1
0.7/0.1 0.3 1
0.7/0.4 0.3 1
0.7/0.7 0.3 1

Total: 16
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Table A2

Results of the Initial Screening Tests Conducted by

WES on Frontier Hard Chrome Fill

Binder/Soil Ratio Water/Soil Ratio *Cone Index Value, psi

Cement/soil (Cure Time, hr)
__.L 4 8 24

0.1 0.1 0 60 247 750+
0.4 0.1 3ý 177 750+ 750+
0.7 0.1 137 703 750+ 750+
1.4 0.1 750+ 750+ 750+ 750+
0.1 0.3 0 0 293 100
0.4 0.3 0 0 30 750+
0.7 0.3 0 20 643 750+
1.4 0.3 17 490 750+ 750+

Lime/fly ash/soil

0.1/0.1 0.1 35 25 40 63
0.1/0.4 0.1 10 27 23 33
0.1/0.7 0.1 87 158 150 217
0.4/0.1 0.1 387 357 583 703
0.4/0.4 0.1 183 340 193 83
0.4/0.7 0.1 192 607 700 307
0.7'/0.1 0.1 527 517 505 500
0.1/0.1 0.3 0 0 0 0
0.1/0.4 0.3 0 0 0 3
0.1/0.7 0.3 0 0 0 7
0.4/0.1 0.3 20 20 30 30
0.4/0.4 0.3 73 133 103 207
0.4/0.7 0.3 147 247 223 280
0.7/0.1 0.3 207 250 190 297
0,7/0.4 0.3 180 180 133 217
0.7/0.7 0.3 153 173 160 203

* Represents an average of thrpe rcplicatt".
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Table A3

Matrix of Specimens Prepared for initial Clay/Binder

Screening for the Frontier Hard Chrome Clay

Binder/Clay Ratio Water/Clay Ratio Number of Specimens

Cement/clay

0.1 0.1 1
0.4 0.1 1
0.7 0.1 1
1.4 0.1 1
0.1 0.2 1
0.4 0.2 1
0.7 0.3 1
1.4 0.3 1

Total: 8

Lime/fly ash/clay

0.1/0.1 0.1 1
0.1/0.4 0.1 1
0.1/0.7 0.1 1
0.4/0.1 0.1 1
0.4/0.4 0.1 1
0.4/0.7 0.1 1
0.1/0.1 0.3 1
0.1/0.4 0.3 1
0.1/0.7 0.3 1
0.4/0.1 0.3 1
0.4/0.4 0.3 1
0.4/0.7 0.3 1
0.7/0.1 0.3 1
0.7/0.4 0.3 1
0.7/0.7 0.3 1

Total: 15

A5



Table A4

Results "f the Initial Screening Tests Conducted by

WES on Frontier Hard Chrome Clay

Binder/Clay Ratio Water/Clay Ratio *Cone Index Value. psi _

Cement/clay (Cure Time, hr)

14 8 24

0.1 0.1 25 147 347 487
0.4 0.1 160 348 750+ 750+
0.7 0.1 245 190 750+ 750+
1.4 0.1 750+ 750+ 750+ 750+
0.1 0.2 0 55 127 217
0.4 0.2 18 262 387 750+
0.7 0.3 43 150 447 750+
1.4 0.3 127 408 750+ 750+

Lime/fly ash/clay

0.1/0.1 0.1 60 67 183 63
0.1/0.4 0.1 130 173 190 193
0.1/0.7 0.1 35 63 53 65
0.4/0.1 0.1 117 160 143 203
0.4/0.4 0.1 75 103 133 180
0.4/0.7 0.1 102 133 167 195
0.1/0.1 0.3 0 0 0 13
0.1/0.4 0.3 0 7 3 10
0.1/0.7 0.3 3 7 20 37
0.4/0.1 0.3 43 50 30 100
0.4/0.4 0.3 180 193 190 263
0.4/0.7 0.3 140 153 187 197
0.7/0.1 0.3 167 163 193 217
0.7/0.4 0.3 217 163 357 267
0.7/0.7 0.3 157 150 223 150

* Represents an average of three replicates.
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Table Bl

Results of Moisture Content Conducted on Fill

Sample Moisture*

Replicate A

UC-SA-Bl 29.75
UC-SA-B2 24.22
UC-SA-B3 25.05
UC-SA-B4 29.36
UC-SA-B5 28.71
UC-SA-B6 28.87
UC-SA-B7 28.34
UC-SA-B3 27.23
UC-SA-B9 29.96**
UC-SA-BlO 27.25
UC-SA-Bll 28.18

Average 27.9

Replicate B

UC-SB-Bl 23.07
UC-SB-B2 23.88
UC-SB-B3 22.77
UC-SB-B4 24.21
UC-SB-B5 20.92
UC-SB-B6 20.04
UC-SB-B7 17.11**
UC-SB-B8 24.31
UC-SB-B9 17.33
UC-SB-BlO 22.90
UC-SB-Bll 22.47

Average 21.7

Replicate C

UC-SB-BI 23.75
UC-SB-B2 26.94
UC-SB-B3 24.95
UC-SC-B4 24.93
UC-SC-B5 24.07
I" UC-SC-B6 24.37
UC-SC-B7 23.68
UC-SC-B8 22.71**
UC-SC-B9 25.64
UC-SC-BIO 24.51
UC-SC-Bll 28.28

Average 24.8

* Moisture based on wet weight/dry solids.
** These buckets were used by WES for initial screening

tests and Cr(VI) reduction studies.
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Table B2

Results of Moisture Contents Cciducted on Sieved Fill*

Sample Moisture**
ip (%)

UC-SA-BI 40.36
UC-SA-B2 42.16
UC-SA-B3 42.31
UC-SA-B4 41.31
UC-SA-B5 33.89
UC-SA-B6 43.50
UC-SA-B7 41.76
UC-SA-B8 39.59
UC-SA-B9 40.29
UC-SA-BlO 40.64
UC-SA-BIl 38.98
UC-SB-B1 32.84
UC-SB-B2 35.80
UC-SB-B3 37.76
UC-SB-B4 37.50
UC-SB-B5 35.94
UC-SB-B6 38.26
UC-SB-B7 30.84
UC-SB-B8 33.04
UC-SB-B9 35.94
UC-SB-BlO 35.85
UC-SB-Bll 37.61
UC-SC-BI 37.50
UC-SC-B2 34.53
UC-SC-B3 39.11
UC-SC-B4 37.37
UC-SC-35 35.94
UC-SC-B6 39.08
UC-SC-B7 38.12
UC-SC-B8 38.71
UC-SC-B9 38.31
UC-SC-BIO 38.62
UC-SC-BlI 39.12

* Sieved through a No. 10 (2.0-mn) sieve.
** Moisture based on wet weight/dry solids.
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Table B3

Particle Size Analysis for Frontier Hj:rd Chrome Fill

Weight Sieve Size (in.) Opening Percent Cumulative

7. or Number _r_ _ Finer Percent

Fill Replicate I

0.00 1.5 37.50 100.00 0.00

93.90 1 25.00 98.50 1.50

708.70 3/4 19.10 86.90 13.10

927.70 1/2 12.50 71.80 28.20

654.30 3/8 9.50 61.20 38.80

405.80 No. 3 6.35 54.60 45.40

216.90 No. 4 4.75 51.10 48.90

6.00 No. 6 3.35 46.40 53.60

15.60 No. 10 2.00 39.00 61.00

20.80 No. 16 1.18 35.00 65.00

23.80 No. 20 0.85 32.70 67.30

26.70 No. 30 0.60 30.40 69.60

29.90 No. 40 0.43 28.00 72.00

33.60 No. 50 0.30 25.10 74.90

36.30 No. 70 0.21 22.80 77.20

39.00 No. 100 0.15 20.90 79.10

40.60 No. 140 0.A1 19.70 80.30

41.80 No. 200 0.08 18.80 81.20

% Gravel - 43.9 Liquid limit - 37

% Sand - 32.3 Plasticity limit - 32

%Fines - 18.8 Plasticity index - 5
Specific gravity - 2.70

(Continued)

(Sheet 1 of 3)
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Table B3 (Continued)

Weight Sieve Size (in.) Opening Percent Cumulative
. or Number MM Finer Percent

Fill Replicate 2

0.00 1.5 37.50 100.00 0.00
101.30 1 25.00 98.20 1.80
317.30 3/4 19.10 92.70 7.30

733.90 1/2 12.50 79.90 20.10

536.00 3/8 9.50 70.50 29.50

518.30 No. 3 6.35 61.50 38.50

315.30 No. 4 4.75 56.00 44.00

5.80 No. 6 3.35 52.20 47.80
18.70 No. 10 2.00 43.80 56.20

27.00 No. 16 1.18 38.30 61.70

31.90 No. 20 0.85 35.10 64.90

36.40 No. 30 0.60 32.20 67.80

41.50 No. 40 0.43 28.90 71.10

48.20 No. 50 0.30 24.50 75.50

53.20 No. 70 0.21 21.20 78.80
57.10 No. 100 0.15 18.60 81.40
59.90 No. 140 0.11 16.80 83.20

62.00 No. 200 0.08 15.40 84.60

% Gravel - 44.0 Liquid limit - 44
% Sand - 40.6 Plasticity limit - 40

% Fines - 15.4 Plasticity index - 4
Specific gravi:y - 2.69

(Continued)

(Sheet 2 of 3)
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Table B3 (Concluded)

Weight Sieve Size (in.) Opening Percent Cumulative
or Number mm Finer Percent

Fill Replicate 3

0.00 2 50.00 100.00 0.00

50.90 1.5 37.50 99.20 0.80

122.90 1 25.00 97.30 2.70

328.20 3/4 19.10 92.20 7.80

860.60 1/2 12.50 78.90 21.10

648.40 3/8 9.50 68.90 31.10

588.00 No. 3 u.35 59.80 40.20

447.70 No. 4 4.75 52.90 47.10

7.70 No. 6 3.35 48.30 51.70

19.00 No. 10 2.00 41.60 58.40

27.80 No. 16 1.18 36.30 63.70

32.90 No. 20 0.85 33.30 66.70

37.50 No. 30 0.60 30.63 69.40

42.60 No. 40 0.43 27.50 72.50

49.00 No. 50 0.30 23.70 76.30

54.10 N,. 70 0.21 20.70 79.30

57.90 No. 100 0.15 18.40 81.60

60.80 No. 140 0.11 16.70 83.30

63.00 No. 200 0.08 15.40 84.60{

% Gravel - 47.1 Liquid limit - 43
% Sand - 37.5 Plasticity limit - 43

it Fines - 15.4 Plasticity index - 10
Specific gravity - 2.69

(Sheet 3 of 3)

B7[



APPENDIX C: RESULTS OF PHYSICAL AND CHEMICAL TESTS 2N TREATED FILL1

P• :

I.



T~ble Cl t:
Resmlts of the Wet/Dry Test Core'•ct_

Total

Vendo~r sample Replicat e T o-ta
iTest 1 NA,

2 100.00
3 100.00

Control 1 NA
2 100.00
3 100.00

2 Test 1 0.32
.2 0.31
3 0.32

Control 1 0.40
2 0.47
3 0.40 .

3 Test 1 0.21
2 20.26
3 0.21

Control 1 0.30

2 0.38
3 0.21

4 '.est 1 0.36
2 0.30
3 0.51

Uontrol 1 0.42
2 0.42
3 0.58

5 Tc.t 1 0.43
2 0.31
3 0.34

Control 1 0.A3
2 0.49
3 0.58

6 Test 1 0.46
2 0.66
3 0.34

Control 1 0.51

2 0.73
3 0.35

:!

(Continued)
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Table Cl (Concluded)

Total
L $m e e licate L s

7 Test 1 0.42
2 1.29

3 0.78

Control 1 1.01

2 1.19

3 1.01

Test 1 0.18

2 0.09
3 0.23

Control 1 0.13

2 0.04
3 0.22

rI'
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Table C2

Results of Moisture Content. 5pecific Gravity. anfd _$_

Tests Condu¢e.6 on Frrontier Ird ..

Moisture Specific Slump
Vendor Replicate % " •ravity In.

A 1 44.29 2.71 7
2 48.59
3 45.87

B 1 36.74 2.72 0
2 35.31
3 37.15

C 1 36.98 2.76 1.25
2 39.13
3 39.41

2 A 1 13.55 2.8 0
2 12.61
3 10.92

B I 13,61 2.82 0
2 13.70
3 12.80

C 1 15.23 2.82 0
2 15.72
3 15.95
3 39.41

3 A 1 18.07 2.64 0
2 18.68
3 19,20

B 1 17.55 2.65 0
2 17.07
3 15.75

C 1 11.48 2.66 0
2 14.81
3 13.95

4 A 1 36.68 2.78 0
2 36.59
3 36.09

B 1 34.64 2.89 0
2 35.80
3 35.74

C 1 34.42 2.92 0
2 35.25
3 35.16

(Co ,t inured)

IC5



Table C2 (Concluded)

Moisture Specific Slump

VtndQ, R _i cate % Gravityi

5 A 1 25.61 2.78 8

2 25.22
3 25.48

B 1 26.80 2.78 6.5

2 25.88
3 26.97

C 1 31.86 2.79 7.25

2 30.04
3 32.75

6 A 1 47.66 2.78 NA

2 47.26
3 47.12

B 1 52.97 2.81 NA

2 52.83
3 53.45

C 1 47.25 2.82 NA

2 47.97
3 47.65

7 A 1 25.04 2.72 0

2 25.18
3 24.98

B 26.52 2.71 0

2 26.46
3 26.38

C 1 25.25 2.72 0
2 25.52
3 25.37

8 A 1 21.39 2.77
2 21.73
3 22.55

B 1 17.03 0.25

2 17.57
3 17.31

C 1 18.47 2.79 0

2 23.48
3 18.50

C6



Table C3

Results of Set Time Tests Conducted on

Frontier Hard Chrome Fill

Average Cone Index, psi
(Time, hr)

Sample
_I _2_ 4 24 4

Vl-SA 0 0 0 0 0
VI-SB 27 48 85 117 47
V1-SC 25 35 32 38 57
V2-SA 397 497 490 750+ 750+
V2-SB 427 620 750+ 750+ 750+
V2-SC 412 487 530 750+ 750+
V3-SA 133 333 750+ 750+ 750+
V3.SB 167 360 750+ 750+ 750+
V3-SC 185 460 750+ 750+ 750+
V4-SA 20 25 38 107 173
V4-SB 12 25 28 98 183
V4-SC 17 12 22 52 117
V5-SA 58 170 290 750+ 750+
V5-SB 95 167 750+ 750+ 750+
V5-SC 113 137 750+ 750+ 750+
V6-SA 0 0 10 47 292
V6-SB 0 0 7 73 323
V6-SC 0 0 3 58 283
V7-SA 273 283 350 550 593
V7-SB 332 363 300 527 517
V7-SC 227 247 197 507 620
V8-SA 108 260 400 750+ 750+
V8-SB 137 357 543 750+ 750+
V8-SC 157 340 487 750+ 750+
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Table C4

Results of UCS. Bulk Density, and Permeability. Conducted

on Treated Frontier Hard Chrome Fill

Bulk Volume
Density Increase Permeability

Vendor/Replicate Average UCS. psi pcf cm/sec

A I NA 140 NA
2 NA 142 NA
3 NA NA 145 15 NA

B 1 NA 148 6.82E-07
2 NA 149 6.62E-07
3 NA NA 146 13 6.13E-07

C 1 NA 143 9.60E-07
2 NA 145 8.38E-07
3 NA NA 146 21 1.25E-06

Vendor 2

A i 467 124 2.90E-05
2 102 128 3.01E-05
3 124 231 123 44 3.21E-05

B 1 131 118 1.64E-04
2 100 119 1.62E-04
3 122 118 127 56 1.56E-04

C I NA NA 3.75E-05
2 105 129 3.38E-05
3 NA 105* NA 52 3.71E-05

Vendor 3

A 1 486 117 2.87E-06
2 496 117 2.71E-06
3 382 455 114 74 3.1OE-06

B 1 552 122 1.51E-06
2 462 120 1.35E-06
3 429 481 121 69 1.38E-06

C 1 621 123 1.68E-06
2 446 125 1.55E-06
3 627 565 126 62 1.63E-06

Ve2ndor 4

A 1 353 106 1.05E-05
2 389 11 1.04E-05
3 311 351 101 89 9,76E-06

B 1 371 100 8.13E-06
2 411 99 6.90E-06
3 367 383 100 99 6,43E-06

C 1 141 100 9.47E-07
2 171 97 8.40E-07
3 146 153 98 99 1.03E-06

(Continued)
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I
Table '4 (Concluded)

Bulk Volume
Density Increase Perm,.-,bility

Vendor/Replicate Averaze UCS. psi Pcf cm/sec

Vendor 5

A 1 562 109 2.18E-07
2 643 106 2.36E-07
3 655 620 i11 99 2.45E-07

B 1 251 109 3.40E-06
2 545 i1 3.53E-06
3 176 324 112 98 3.42E-06

C 1 671 109 5.09E-06
2 664 110 4.54E-06
3 698 678 1il 95 5.14E-06

Vendor 6

A 1 157 112 1.79E-05
2 155 106 1.86E-05
3 151 154 108 68 1.72E-05

B 1 213 116 7.41E-06
2 208 109 7.42E-06
3 192 204 110 64 7.53E-06

C 1 94 114 6.19E-06
2 92 114 6.65E-06
3 104 97 110 61 6.24E-06

Vendor 7

A 1 223 126 1.26E-05
2 188 118 1.16E-05
3 175 195 125 70 1.09E-05

B 1 88 125 1.15E-06
2 89 123 8.44E-07
3 198 125 120 70 1.O0E-06

C 1 179 126 1.45E-06
2 153 117 1.29E-06
3 182 171 126 68 1.29E-06

Vendor 8

A 1 1,233 120 1.53E-07
2 1,269 ill 9.74E-08
3 1,068 1,190 119 93 9.44E-08

B 1 1,189 119 3.67E-06
2 1,050 112 2.80E-06
3 1,285 1,175 117 95 2.52E-06

C 1 1,233 124
2 774 ill
3 1,090 1,032 116 90
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APPENDIX D: RESULTS OF PHYSICAL TESTS CONDUCTED ON UNTREATED CLAY
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Table Dl

Results of Moisture Content Conducted on Clay

Sample Moisture*
ID (%)

UC-CA-Bl 37.24**
UC-CA-B2 47.94
UC-CA-B3 45.10
"UC-CA-B4 47.59
UC-CA-B5 49.73
UC-CA-B6 49.08
UC-CA-B7 45.31
UC-CA-B8 50.17
UC-CA-B9 44.45
UC-CA-BIO 43.22
UC-CA-Bll 47.62
UC-CB-Bl 50.17
UC-CB-B2 40.04**
UC-CB-B3 45.76
UC-CB-B4 48.99
UC-CB-B5 49.26
UC-CB-B6 39.73
UC-CB-B7 47.87
UC-CB-B8 49.21
UC-CB-B9 45.29
UC-CB-BlO 44.77
UC-CB-Bll 46.40
UC-CC-Bl 49.02
UC-CC-B2 46.57
UC-CC-B3 47.37
UC-CC-B4 45.97
UC-CC-B5 46.94
UC-CC-B6 47.09
UC-CC-B7 46.80
UC-CC-B8 46.47
UC-CC-B9 51.99
UC-CC-BlO 41.32**
UC-CC-Bll 48.97

* Moisture based on wet weight/dry solids.
** These buckets were used by WES for initial screening

tests and Cr+6 reduction studies.
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Table D2

Particle Size Analysis for Frontier Hard Chrome Clay

Weight Sieve Size (in.) Opening Percent Cumulative

_ or Number mm Finer Prcent

Clay Replicate I

0.00 3 75.00 100.00 0.00

9.90 2 50.00 99.90 0.10

164.90 1.5 37.50 98.00 2.00

87.10 1 25.00 97.10 2.90

97.10 3/4 19.10 96.00 4.00

190.30 1/2 12.50 93.80 6.20

156.70 3/8 9.50 92.10 7.90

166.2. No. 3 6.35 90.20 9.80

l05.00 No. 4 4.75 89.00 11.00

1.30 No. 6 3.35 87.40 12.60

2.70 No. 10 2.00 85.70 14.30

3.80 No. 16 1.18 84.40 15.60

4.50 No. 20 0.85 83.60 16.40

5.10 No. 30 0.60 82.90 17.10

5.90 No. 40 0.43 81.90 18.10

6.90 No. 50 0.30 80.70 19.30

7.60 No. 70 0.21 79.90 20.10

8.30 No. 100 0.15 79.00 21.00

9.00 No. 140 0.11 78.20 21.80

10.10 No. 200 0.08 76.90 23.20

% Gravel - 11.0 Liquid limit - 58
% Sand - 12.1 Plasticity limit - 34

% Fines - 76.9 Plasticity index - 24
Specific gravity - 2.66

(Continued)

(Sheet 1 of 3)
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Table D2 (Continued)

Weight Sieve Size (in.) Opening Percent Cumulative

or Number mm Finer Percent

Clay Replicate 2

0.00 2 50.00 100.00 0.00

120.10 1.5 37.50 98.20 1.80

23.60 1 25.00 97.90 2.10

176.60 3/4 19.10 95.30 4.70

211.40 1/2 12.50 92.20 7.80

111.60 3/8 9.50 90.60 9.40

161.00 No. 3 6.35 88.20 11.80

82.10 No. 4 4.75 87.00 13.00

1.80 No. 6 3.35 85.20 14.80

4.20 No. 10 2.00 82.80 17.20

5.60 No. 16 1.18 81.40 18.60

6.40 No. 20 0.85 80.60 19.40

7.20 No. 30 0.60 79.80 20.20

8.10 No. 40 0.43 78.90 21.10

9.30 No. 50 0.30 77.70 22.30

10.20 No. 70 0.21 76.80 23.20

11.00 No. 100 0.15 76.00 24.00

11.70 No. 140 0.11 75.40 24.60

12.80 No. 200 0.08 74.30 25.70

.1

Il

, Gravel - 13.0 Liquid limit - 57

% Sand - 12.7 Plasticity limit - 32

% Fines - 74.3 Plasticity index - 25
Specific gravity - 2.65

(Continued)

(Sheet 2 of 3)
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Table D2 (Concluded)

Weight Sieve Size (in.) Opening Percent Cumulative

or Number mm Finer Percent

Clay Replicate

0.00 3 75.00 100.00 0.00

138.30 2 50.00 97.90 2.1V

0.00 1.5 37.50 97.90 2.10

73.30 1 25.00 96.80 3.20

146.10 3/4 19.10 94.60 5.40 V

199.60 1/2 12.50 91.50 8.50

140.70 3/8 9.50 89.40 10.60

125.70 No. 6 3.35 87.50 12.50

79.90 No. 4 4.75 86.20 13.80

1.00 No. 6 3.35 85.00 15.00

2.50 No. 10 2.00 83.10 16.90

3.50 No. 16 1.18 81.80 18.20

4.10 No. 20 0.85 81.10 18.90

4.80 No. 30 0.60 80.20 19.80

5.50 No. 40 0.43 79.30 20.70 t
6.20 No. 50 0.30 7S.40 21.60

7.00 No. 70 0.21 77.40 22.60

7.60 No. 100 0.15 76.70 23.20

8.00 No. 140 0.11 76.20 23.80

8.80 No. 200 0.08 75.20 24.80

% avel - 13.8 Liquid limit - 59

Sand - 11.1 Plasticity limit - 32

%Fines - 75.2 Plasticity index - 27

Specific gravity - 2.65

(Sheet 3 of 3)
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Table D3

Moisture Content* of Frontier Hard Chrome Clay

Container Num•ber

Replicate 1 2 3 4 5 6 7 8 9 _O I_

A 37.2 47.9 45.1 47.6 49.7 49.1 45.3 50.2 44.4 43.2 47.6

Average: 42.1

B 50.2 40.0 45.8 49.0 49.3 39.7 ".7.9 49.2 45.3 44.8 46.4

Average : 46 :1

49.0 46.6 47.4 46,0 46.9 47.1 46.8 46.5 52.0 41.3 49.0

Average : 47.1

Overall clay average: 45.1

I'

t'

* Expressed as ratio of water content to content of dry material.
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Table El

Results of the Wet/Dry Test Ccnducted on

Frontier Hard Chrome Clay

Total

Vendor Sample Replicate Lost

Test 1 100.00
2 100.00
3 100.00

Control 1 100.00
2 100.00
3 100.00

2 Test 1 0.46
2 0.61
3 0.68

Control 1 0.23
2 0.73
3 0.72

3 Test 1 0.44
2 0.45
3 0.72

Control 1 1.10
2 2.32
3 0.87

4 Test 1 3.33
2 0.85
3 1.68

Control 1 2.76
2 0.64
3 1.54

5 Test 1 0.38
2 0.30
3 0.30

Control 1 0.53
2 0.61
3 0.45

6 Test 1 2.10
2 1.01
3 1.13

Control 1 1.22
2 1.52
3 1.09

(Con' ir% ed)
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Table El (Concluded)

Total

Vendor Sample Replicate Lost

7 Test 1 1.12

2 0.46
3 0.23

Control 1 1.18
2 0.62
3 0.45

8 Test 1 0.23

2 0.28
3 0.28

Control 1 0.28
2 0.23
3 0.33

p4



Table E2

Results of Moisture Content. Specific Gravity, and Slump

Tests Conducted on Frontier Hard Chrome Clay

Moisture Specific Slump
Vendor R.__.eplicate % Gravity in,

A 1 52.21 2.72 6
2 53.27
3 52.36

B 1 49.95 2.73 5
2 50.01
3 50.11

C 1 54.02 2.76 6.25
2 53.29
3 52.84

2 A 1 22.50 2.8 0
2 22.92
3 21.56

B 1 23.05 2.79 0
2 25.76
3 24.98

C 1 22.99 2.8 0
2 24.54
3 24.57

3 A 1 36.05 2.62 0
2 35.72
3 36.40
1 32.85 2.6 0
2 31.68
3 35.82

C 1 33.34 2.61 0
2 33.32
3 33.56

4 A 1 49.08 2.9 0
2 49. 33
3 48.94
1 34.28 2.9 0
2 33, 78
3 33. 76

C 1 49.26 2.92 0
2 48.94
3 53.50

(Contirnuod)
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Table E2 (Concluded)

Moisture Specific Slump

Vendor Replicate ..... Gravity- in,

5 A 1 63.72 2.74 0.5

2 40.48
3 40.86

B 1 24.77 0.5
2 43.19
3 41.01

C 1 45.64 2.74 0

2 45.41
3 45.68

6 A 1 66.98 2.78 5
2 66.34
3 67.11

B 1 61.47 2.78 5

2 60.73
3 60.63

C 1 62.55 2.8 6
2 63.07
3 62.30

7 A 1 34.46 2.7 0

2 34.60
3 34.59

B 1 31.32 2.72 0
2 31.35
3 31.79

C 1 33.76 2.73 0
2 30.92
3 31.26

8 A 1 29.24 2.78 0

2 29.44
3 29.42

B 1 29.72 2.78 0
2 29.61
3 30.02

C 1 26.30 2.79 0
2 28.17
3 27.95

E6



Table E3

Results of Set Time Tests Conducted on

Frontier Hard Chrome Clay

Average Cone Index, psi
(Time, hr)

Sample
SI/ 2 4 8 2_ 4 48

VI-CA 15 40 30 35 45
Vl-CB 8 38 30 37 32
VI-CC 30 37 22 32 38
V2-CA 313 347 407 750+ 750+
V2-CB 283 317 353 633 700
V2-CC 257 320 353 560 700
V3-CA 92 103 167 323 567
V3-CB 28 53 58 90 137
V3-CC 48 88 127 220 273
V4-CA 30 53 40 42 103
V4-CB 23 42 42 68 103
V4-CC 12 12 18 32 43
V5-CA 140 227 750+ 750+ 750+
VS-CB 97 310 750+ 750+ 750+
V5-CC 130 250 750+ 750+ 750+
V6-CA 0 0 32 165 170
V6-CB 0 0 25 133 170
V6-CC 0 0 15 133 167
V7-CA 68 110 150 200 343
V7-CB 225 330 367 420 727
V7-CC 200 257 270 393 513
VS-CA 97 207 360 750+ 750+
V8-CB 102 233 343 750+ 750+
V8-CC 123 247 320 750+ 750+

E7



Table E4

R esults of UCS. Bull Density, and Permeability, Conducted

on Treate.. Frontier Hard Chrome Clay

Bulk Volume
Density Increase Permeability

Vendor/Replicate Averaae UCS. psi pcf cm/sec

Vendor I

A 1 NA 120 8.56E-05
2 NA 121 7.35E-05
3 NA NA 121 29 6.77E-05

B I NA 126 6.65E-07
2 NA 124 3.l1E-07
3 NA NA 122 28 4.63E-07

C I NA 121 9.07E-07
2 NA 120 1.95E-06
3 NA NA 123 33 1.43E-06

, Vendor 2

A 1 243 108 7.24E-06
2 283 110 9.13E-06
3 272 266 110 51 6.53E-06

B 1 264 108 2.75E-06
2 285 ill 2.47E-06
3 264 271 112 56 2.61E-06

C 1 200 110 6.34E-06
2 198 108 4.O5E-06
3 203 200 113 46 4.22E-06

Vendor

A 1 101 102 5.52E-08
2 146 105 1.38E-07
3 125 124 102 77 6.69E-08

B 1 34 103 9.13E-07
2 22 105 6.66E-07
3 NA 28* NA 79 7.19E-07

C 1 61 103 7.56E-05
2 47 101 7.53E-05
3 40 49 103 77 7.05E-05

Vpndor 4

A I 84 91 1.72E-05
2 92 98 1.69E-05
3 83 86 96 86 1.78E-05

B 1 225 112 6.25E-07
2 151 109 5.62E-07
3 198 191 !ii 63 6.17E-07

C 1 16 110 1.44E-06
2 6 108 9.77E-07
3 16 13 110 62 1.06E-06

(Continued)
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Table E4 (Concluded)

Bulk Volume
Density Increase Permeability

Vendor/Replicate Average UCS, psi pcf cm/sec

Vendor 5

A 1 462 96 1.32E-03
2 459 98 9.14E-04
3 514 478 98 104 6.32E-04

B 1 359 97 NA
2 423 101 NA
3 351 379 98 102 NA

C 1 465 97 2.42E-07
2 380 99 1.11E-07
3 438 428 99 98 1.20E-07

Vendor 6

A 1 94 95 6.87E-06
2 92 98 7.18E-06
3 104 97 94 71 6.83E-06

B 1 69 94 2.47E-06
2 88 96 2.50E-06
3 87 81 91 79 2.33E-06

C 1 92 96 4.05E-07
2 94 96 6.16E-07
3 93 93 97 70 3.63E-07

Vendor 7

A 1 93 113 4.19E-06
2 60 105 4.56E-06
3 70 74 107 89 4.14E-06

B 1 313 108 4.49E-07

2 230 106 3.96E-07
3 198 247 109 96 4.33E-07

C 1 133 106 7.06E-07
2 135 107 6.54E-07
3 195 154 105 95 6.30E-07

Vendor 8

A 1 459 109 2.96E-07
2 456 103 1.35E-07
3 573 496 103 87 2.10E-07

B 1 554 109 1.1OE-07
2 592 109 1.86E-07
3 476 541 107 85 1.88E-07

C 1 534 105 1.27E-06
2 615 109 1.08E-06
3 767 639 105 84 1.77E-06

E9
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Table F1

SiLrnary of BVank Resutts, Frontier Hard Chrome

True Dot Measured %

Oate Value Flag Value Recovery

Method: ICP Metals by S616010
Matrix: Solid
Araiyte: Iron
Type of Control Sar Cal- Lalibration Comtrot Swr•le. contirv.ed

17-J•.1-90 5.000 mg/L 5.020 mg/L 100.40

19-Jun-90 5.000 g/IL 5.050 ,ng/L 101.00
19-J1,-90 5.000 mg/L 5.090 mg/L 101.80

19-Jun-90 5.000 mg/L 5.160 m/L 101.80

19-Jun-90 5.000 nfg/L 5.i0C mg/. 102.00

19-Jun-90 5.000 Rq/L 5.030 mol/l 101.80

20-Jun-90 5.000 Pg/L 5.130 mg/I 102.60

20-Jun-90 5.000 m'/L 5.140 mg/L 102.80

20-Jun-90 5.000 ag/L 5.020 mg/L 100.40

20-Jun-90 5.000 mg/L 4.990 mg//L 99.80 j

21-Jun-90 5.000 m/IL 5.020 mg/L 100.40

21-jun-90 5.000 ag/L 5.100 ing/L 102.00

25-Jun-90 5.000 rNg/L 5.340 mg/L 106.80

25-Jun-90 5.000 mn/L 5.210 [ra/L 104.20

11-Jut-0 5.000 W mg/L 5.060 mg/L 101.20

11-Jul-90 5.000 m//L 5.050 rW/I 101.C0

12-Ju1-90 L.000 mgOL 5.40 mg/L 109.20

12-Jul-90 5.000 *q/L 5.400 Lg/I 108.00

12-Jut-90 5.000 rg.i 5.130 mg/L 102.60
12-Jul-90 5.000 m,/I 5.450 me/IL 109.00 f
12-Jut-90 5.000 wq/L 5.010 W/I 100.20

12-JuL-90 5.000 mR1/L 5.050 mg/L. 101.00

12-Jul-90 5.000 m/I. 5.110 mg/I 102.20

12-Jut-90 S.000 "gIL 5.120 mg/L 102.40

13-Jul-90 5.000 mg/L 5.130 e/IL 103.60

13-Jul-90 5.000 mg/L 5.190 mg/L 103.80

17-Jut-90 5.000 mfg/L 4.960 mg/L 99.20

17-Jul-90 5.000 mff/I 5.100 mW/I 102.00

17-Jul-90 5.000 mg/L 5.150 m/i. 103.00 1
1

7 -Jut-90 5.000 mg/L 5.040 mg/L 100.80!

24-Jut-90 200.0 "V/L 200.000 mg/L 100.00

24-Jul-90 50.0 m/IL 4S.900 mfg/L 97.80

24-Jut-90 50.0 mR/L 47.600 mg/L 97.00

24-Jut-90 50.0 mg/L 47.900 mg/L 95.80

2I,-Jut-90 50.0 mg/L 48.500 mg/L 97.00

25-Jul-90 50.0 m;/L 50.60 mw/I. 101.20

25-Jut-90 50.0 mg/I 49.000 mq/l 98.00

25-Jul-90 50.0 mg/L 49.900 mg/L 99..0

............................................................. X.......................

(Cont i nued)
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TabLe F• (Continucd)

$LWMARI OF SLAK RIESULTS FOR MATRIX MW EP LFC24ATE; Su.batrix - N/A
irff t riy B lllllflll •r5mlrlf oft i fllltlfY• Etanllll4 Ol~lmltection [~l

Method Total Nuffter Total Nuiber Concentration MNaximu
Type of &* Rang Oo Dtetion|€

Parmeter stalss Oetect in Limit Mininmu M- 4t41 Limit Units

Chromium by ICPES
Field Stank

Chromium 16 16 0.0030 -0.067 0.0030 g1/L

Iran by SU6010
Field Blan"

Iron 16 16 0.210 21.0 0.0070 fq/L

ICP Metals by SU6010
Provarstion

Chrcmimu 4 0 0.0030 09/L

Ircn 4 0 0.0070 m0%/L

Lead 3 0 0.042 aq/L

Wickel 3 0 0.015 rmg/L

Nickel by SU6010

Field Blank

Nickel 0.015 - 0.015 0.015 mq/L

Lead by SW6010
Field SLta

Leoad 4 0.042 -0.0 2 0.% .2 wq/L

i

)I

................ .................... . ... ................. .n.f ..........SS*tf ~ f .......... ~

(Corvti r~d)
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Table F1 (Contir#;n-

SUMMARY OF BLAWK RESULTS FOR MATRIX f .CLIO; St.b'.trjx * "

*.........a...s..snutfy... *. .W............ .l .l.n.sa.................................SS .SS

NMetod Total -vter Total Wu•ar roncentration Mazin-f

Type of 6t•* Ran"e Detection

Pmrm .tr BItarn•s Detection Limit minimum •axieum Limit Units

Chrom Vd by' SW.7196
Prepmrmt ion

ChromiLA Vu ; 0.0050 0g/L

I>
I

I

Jt

I.
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Table F1 (Contin~ued)t

SJ.14.ARY OF BL.ANK B0EJ.T3 FOR MATRIX *SOLID; S.britrix - Id/A

Method Total hiume TtaW yloa ~LIconcenltration Mainnf~f
Type of above RneDotecticen

PrwtrBlanks Detection Li~jit Mininras Ma M~i NU Limit Units

method Stank
Con.lctivity 1 0 1. u0nh'os/c

Prepeatio
Car~.-At i vity 2 a .00 urihos/c

Chloride by IC CE3CO.0)

Mehod giant
Cmmoride mm0.020 fmm/mg

Prelat i c
CJhIoride 2 0 5.000 a'q/Kg

ICP Metals by S66t010
Prearat i

homll11 01.000 tn/~Kg
Irn11 12.COo 2.4 4.COO mqv/xg

Lead 11 05.000 ffig/Kg
N~ickel 132 2.000 "gI~q

02Iro VI by swI719%
Field Blank
C1hromiu. VI iS30.0050 0.010 0.190 AV/tg

Pfeerat ic
Chrosium Vt 10 0 0.200 mq/Kg

Sulfate by IC (0300.0)
Preprat ion

Sulfate 1 0 12.5 elg/Kg

....................................................... ................................................

(ContirkeF ud)
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Table F1 (Co.,ti-"ued)

q-wqARY OF BLANK RESULTS FOR MATRIX TREATED; S~b'utrix

wmdTotal Nur~tr Total wu'wI. COMfltratiol haxiw"f

type af above Isms0@~cI~
Paraftetr Itarka Dvtecti.Y' Limit XKifftaw I rAi t Unitts

ICP Paotis by. SW6010

Prepara t ion

Iron 3 00.040

3 00.050 mg/L
MLck. 3 0 0.020 h'n/L

Cihrai~ua Vt. 0 0.C000 wij/L

...............................................................................................................
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Tabte F1 (Coctuded)

"-.tIeIARY Of SLAkK RESJLTS FC0 N.AT1X - TgEATEo; Su:matrix - T

Method Total kujrdt* Total ULtzber C ntfl•[taci NMxivsn3

type of ab'v earO~ Detection

Pdfraeter stairl ODiettetion Limit MNi ,i MH NXtIMl Limit Units

Arsenic by AA (E206.2)

Prt*0fati on

Arsenic 2 0 O.COO mg/I

mvticid dtar*

ConAct ivity 1 1.0C0 uwtioe/co
"2receration

C1 t.0tivity 1 00 W,'ol/c "

gtrcr-.y by Cold Vaofo AA (EW1,)

Preoerstion

W.rcury 0.00020 0.CC020 r4/I.

ZCP 1istils by SM,10O

P reoeri ion

larluo 3 0 0.010 f",/L

Cadeium 3 1 0.0093 -0.093 0.0C30 /-/L

Chrmiu 6 ¶ 0.0040 0,0040 0.010 mng/.

from 5 2 0.040 0.081 0.040 -q/I.

Leoad 6 0 0.050 m/I.

Micke. 5 0.020 mg/I.

Silver 3 1 0.013 0.013 0.010 NV/.

Sleieiium bY A.A (271.2)
Precera' Ion

oenluqm Z 0 0.0030 ,/It.

Chtow Vt by S17196

r ee rArt I on

Ohromtika VI 3 0 0.020 NIL

Sulfate by IC (E303.0

eqtmoll Ots~x

Sulfate 1 0 0.050 "OIL

Sulfate I 0 12.0 i/t,

.......................... ................................................................s.....................



TabLe F2

Detailed Listing of B1rnk Resutts., Frontier Hard Cýroy'

S~uIDRY CPF ILANK RESULTS FC KAT21X - TREATED: SL.AtrIx - W/A

Method Total wicer Total wtvr Concentration m4axiu•Type of above A ae• Oet vc t ion

Paratnter lanosx Dtectle::on Limit i n i ivi eax i mum• LiMit Uni ts

Arsenic ty AA (E206.2)

Prevgra tci on

Arsenic 0. CACO tg/Kg
C Nri lde by IC (E3 C-O.O) 00

Chloricie 1 .000 fIg/Kg

OCP Metals by S~.6610
PreoDera(i on

Chro8,up 6 3 0.0080 0.L,0 0.-00 ol/Kg
'(o n 0.060 8.9 46.0OA owt/K
Lead 4 0 5.000 mg/rIg
Nickel 4 02.COO vVI/g

Setetjuu 0Y AA (E27J.2)

Prea•Aration

Sc~n~~m 10 0.00 mgl~Ig

C?Ircrrw vf L-, $'.dl¶

Pr ev.ermt 'Ii
Chircim, VI 0000o g/z

Sulfate by IC c!3com.)

Slfate 0 12.5 g

..................... ..............................................................................

(Ccont inu~d,
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Table F2 (Continujed)

six* Besults for PMatrix u W EP Lf ACl4ATE; b!.tatrix , li/A

.........................flt=S==~tt .........t.ft.f...t....f.... n................f......f...=. ...... *.............

Date Type of Blank Detection Flog Resu.lt Detection Limit Limits

footlod: Chroit~ai by IM~S

Anatyte: 02hrciL=

28-May-90 Field Blank 0.0030 0.0030 w/.

28- ','-90 Field Blank S 0.0030 0.0030 YqIL

28-May-90 Field aBlank S 0.01'.0 0.0030 Nq/L

29-May-90 Field Blank 0.0180 0.0030 e/

29-May-90 Field 0 t ank5 0.0110 0.0030 x'q/L

29-may-90 Field Slank 05 .0070 0.0030 mg/L

02 -Jui-90 Field Stan" 0.0260 0.0030 g/l.

OZ-Jun-90 Field Blank 43X 0.0140 0.0030 Mq1L

02-jL,,-90 Fletd.Otank .5x 0.0120 0.0030 rq/Lt

02.Jun-90 Field stanks 0.03.80 0.003 im/L

02-jum-90 Field Slank 0.0030 0.0030 wRqIL

¶84.Ju-90 f ielId star* .51 0.0060 0.0030 Mg/l.

18-Js~n,90 field I lant 45X 0.0040 0.0030 vq/L

18-J~.r-90 Field Stank 0.0200 0.0030 mg/L

13-Jjun-90 Field Ilan" 0.0-670 0.003 wqIL

18-.Lu,-90 field lIt " 0.0220 0.0030 Trq/L.

Total N%":wr, of Otants *16 Comer ttrito' Range 000C30 - 0.067

Total MI~,te above Ofetction Limit - 16 paxjai " etrectlon Lialt

*........................ ............................. S ..................

Method- Iron by SW6010

Analyte: trom

28-May-90 field 81 0.2100 000O70 OWLi

28-Msy-00 Field Slan" 0.4200 0.0070 i-g/1.

28-May-00 Field BllAn 0.6600 0.0070 "-/L

29-May-90 Field I I~ 3.3000 0.0070 N;/L.

29.mey.90 Field Blan 0.48W0 O.0070 M/l.

29-Ny-90 Field lAtk 5.8C00 0.00710 mq/I.

02 - Lo- " Field slank 1.2000 0.0070 1"9/I

0--jur-90 Field IBlanek 2.3000 0.0070 wg/l.

0?-jua,-00 Fitld Iltn 2.3000 0.0070 -n/I.

02-i.e,-90 Field 8Bl&an 21.00C0 0.07 Mq/I.

02-Ji.ri-90 Field Blank 3.60,00 0.0070 eq/I.

18- j ur- W Field Bltanck 0.3u80 0.0070 mv/I.

18-js,,-90 Field IBlank 2.2000 0. C07 "g/ll.

18-ju.g-90 field Ilan* 2.8000 0.0070 "O/I.

IS- jtr-9 " field I l&An 3.0000 0.00O7T eqji.

............... .................................................................................

C t rk^-
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TabLe F2 (Continued)

0la Results for Matrti MW EP LEACYATE: SutbAtrix z N4/A

Oat. Type of lank Detection Flag Result Detection Limit Units

Analysis for Iron by Sw6010

Analyt•e Iron Continued

18-Jun-90 Field stank 1.5000 0.0070 mg/L

Total N.umer of iants - 16 Concentration Ruane 0.210 - 21.0

TotaL Number above Detection Limit * 16 Maxiaxuz Detection Limit -

Method: |OP Metals by SWt6010

Anialytae Chromium

23-may-90 Preoaretion V0 0.0030 0.0030 m/tL
01- Jun-90 Preparatlon N0 0.0030 0.0030 mg/L

02-Jur-90 Pr epration MD 0.0030 0.0030 m/RA

17-Jut-90 Preparation g0 0.0030 0.0030 mg/L

Total xurber of limeks 4 I Conertrat ion Renge kC

Total MiMOr above Detection Limit * 0 Maxii'js 0etection Limit * 0.0030

Method: ICP Metals by S1.6010

Analytv: Iron
2•- mty-90 Prebrat iol X0 O. •070 0.00M0 Rn/L '

01-J•u•-90 Preparation Mo 0.0070 0.0070 elL

02-Jui-90 Prtooration No 0.0070 0.0070 mI/L

17-jul-90 PrefAration No 0.0070 0.0070 mi/L

Total Xwor of Sltan's 6 Cocerntration lange kc

Total Number above Detection Limit 0 Masi" Detection Limit ' 0.0070

Method: ICP Metals b:y Si6010

Andlyte: Lead

23-May-90 Preveration Co 0.0420 0.0.20 •9/L

Ol-JLrn-90 Preoaration No 0.0-420 0.0420 mvIL

02-jur,-90 Prrev1tion Co 0.0420 0.0420 1m/L

.............................................................................................

(Cont i rvxd)
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Table F2 (Continued)

34... ýesultjh ,"r mit,' i W EP LEACXATE; S•:fratrix V/A

Oatt Type of Blank Oetection Flag Result Oetection Limit Units

Anitansil for ICP Metals by S'w010

Anal',te: Load cc•tirc.,ed

Total MLp:br of Slants - 3 Coneqntration Range NC

Total Muroer above Oetection Limit * 0 MaxiLnm Oetection Limit t O.C0.2

Method: 1CP metals by S.6010

I.
5

'mlyte: Mickel

27.-.,iy.90 Preveratior NO 0.0150 0.0150 mg/L

01-.u-9-O Peretio No 0.0150 0.0150 1m/L

02-..ur-90 Pr epration NO 0.0150 0.0150 m/L

Total NMunr of Blants 3 Concetration Rtrane NC

Total Wuwoer above Oetection Limit * 0 Maxinin Oetection Limit , 0.015

.............................................................. ............. ........ ......

Meth*oI: Nickel by S46010
Anatyte: Nickel

28-14ay-90 Field Blank 0.0150 0.0150 /it.

29-May-90 Field Blank 0.0150 0.0150 mg/L

02°juna90 Field Blank 0.0150 0.0150 et/L

18-Jun-90 Field Blank 0.0150 0.0150 m1/L

Total kumoer of Slants 4 6 Cocentration Range 0.015 - 0.015

Total Murcer above Detection Limit - M4xiuutm Dote"tion, Limit -

Nethod: Lead by SW6010
AM&Lyte: Lead

28-Nev-90 Field Blank 0..420 0.0420 mg/t

29-PMay-90 Field Blta.ww 0.04.20 0.0420 m,/IL

02-Jun-9O Field Blank 0.0.420 0.0420 mg/L

18-Jun-9'J Field Blank 0.0420 0.0420 m"/L

(Cont i ra.ed)

F1 2



Table F2 (Continued)

Stank Results for Matrix MW EP LEACHATE; SL.iaatrix -id/A

Date Type of Stank Detection Flag Result Detection Limit Units

Analysis for Lead by SLI6010
Analyte: Lead continued

Total Numtber of Bilanks - 4 Coentrmtion Rarge 0.04.2 0.O-Z

Total NLOMer above Detection Limit *4 Maxirns Detection Limit -

......... .... ................................. x...................

x................................. ........ ...............

(Cont inu)

F1 3



Table F2 (Contirued)

Lat" ResuLts for matrix = SCLID; SiLtmrtrijx -

Date Type of ILa* Detection Flag Result DeteCtion Limit U•its

method: Chroe, VI by SW7196

Araltyte: Chrofln Vt

15-oay-90 Prewration MO 0.0050 0.0050 m'GIL
16-Mey-90 Preo.ratcn Mo 0.0050 0.0050 mg/L

17-may-90 Prevoration NO 0.0050 0.0050 Wt/L
18-may-90 Preparation Mo 0.0050 0.0050 mg/I

Total Muroer of Sts = 4 CConcentration Rarne MC

Total Muzoer above Detection Limit 0 Maxiniu Detection Limit - 0.0050

I

I.

(Continued)
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TabLe F2 (Continued)

&lan* Results for Matrix SOLID; Si.bTi~trix W/A

........ . .S .tf............ ..........................................

oat* Type of Blnk* Detection Flog Result Detection Limit Units

Method: CondCxtivity (E120.1)
Anat yte: ConJLX~t iVity'

26-Jul-90 Method Stank NO 1.0000 1.0000 umhos/cm

26-Jul-90 Preparation No 1.0000 1.0000 urm os/cm

04-Sep-90 Preoaration 0O.M00 1.0000 I. 0 uros/cm

Total Number of Slants * 3 Concentration Range NC

Total Mumlbr above Detection Limit * 0 Malxim.m Detection Limit * 1.0

Method: Ciiorije by IC CE300.0)

Analyte: Chl'oride

09-Jul-90 Method Bla( No 0.0200 0.0200 gv/K;g

09-Jut-90 Preparation NO 5.0000 5.0000 nV/lg

1"-Seq-90 Preparation NO 5.0•00 5.0000 re/Ig

Total Wunr of Slanas * 3 Concentration AaNre NO0

Total N Ir above Detection Limit x 0 Maximul Detection Limit - 5.0

..... ..................................................................

Mtthod: ICP Metals by SU&O1G

Analyte: Chromius

21-May-90 Preparation o 0.3000 0.3000 ng/tg

23-M-y-90 Preparation No 0.3000 0.3000 mg/Kr

31-04sy.9V Preparation No 0.3000 0.3000 ffq/Kg
15-JJun-90 Preparation No 0.3000 0.3000 g/rKg

21-Jun-9C Preparation No 0.3000 0.3000 mg/Kg

11-Jul-90 Preparation No 0.3000 0.3000 mr/Kg

12-Jul-90 Preparation XO 0.3000 0.3000 mvir,

17-Jul-90 Preparation *O 0.3000 0.0000 rg5/t

24-Jul-90 Preparation No 1.0000 1.0000 r/,tg

25-Jul-90 Preparation so 0.0100 0.0100 ng/Kg

26-Jui-903 Preparstion No 0.3000 0.3000 mg/K'g

......... .................... ................... .......... ...............................................

I.

(Cont ipied)
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TabLe F2 (Continued)

glank Results for matrix s SOLIO; Sbkirrix - WlA

Date Type of Blain Det*ction Flag gesutt Oetection Li~it Units

Analysis for ICP Metals by S60I0
Analyte: Chromium €continied

Total Numer of tlanks . 11 Concentration RaNe VC
Total Numbr above ODtection Limit 0 MaixijL Detecien Limit - 1.0

Method: ICP Metals by Sý4010
Arnalyte: Iron

21-May-90 Prepvaration NO 0.7000 0.70C0 mgIKg

23-may-90 Preparation NO 0. 7o00 0 .700C m/

31-May-90 Preparation 45X 2.4000 /ro

15-J,.n-90 Preparation No 0.7000 ONI/Kg

21-Jun-90 Prearation NO 0.7000 0.7000 mq/Kq
11-Jul-90 Preparation •o 0.700C 0.7000 m/lr g

12-Jul-90 Prat-rtion wo 0.7r0i0 0.7000 AV./Kq
17-Jul-90 Preparation (o '. 7000 0.7ýCO MnV/X9

24-.Jul-C• Preparation wo 4.00o0 4.C000 "w/xg
25-Jul-90 Preparation wo 0.0400 0.0400 mg/KgI
26-Jul-90 Preparation WD 0.7000 0.7000 lmq/Kg

Total NLI~er of Blanks * 11 Concentration Range 24C00 - 2.4

Total Numier acove Oetection Limit * I Maxi" Oetection Limit * 4.0

Met*od: I.P Metals by S%06010

Ara.lyte, Lead

21-May-90 Preparation xo 4.2000 4.2000 mgg/•
23-May-90 Preper-ation ko 4.2000 4.2000 mg/Kg
31-May-90 Preparation •0 4.2000 4.2000 mg/Kg
15-Jun-90 Preparation N0 4.2000 4.2000 mg/Kg
21-Jun-90 Preparation No 4.2000 4.2000 mng/Kg
11-Jul-90 Preparation IO 4.2000 4.2000 m//Kg
12- jul-90O Preparation NO 4.2000 4.2000 nvl~it
17-Jul-

9 0  
Preparation NO 4.2000 4.2000 mgf/Kg

24-Jul-90 Preparation 0 5.0000 5.0000 mg/Kg
25-Jul-90 Preparation O 0.0500 0.0500 g/Kg
26-Jul-90 Preparation NO 4.2000 4.2000 rq//g

(Cont ievd)
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Table F2 (Continued)
tank Results for Matrix * SCL.1; s5natrix W N/A

... .. .. ...... . .. ...... . . .. .. ............ ............... ........ .....................

Date Type of ISank Detection Flag Resutt Detection Limit Units

Analysis for |CP Metals by Sw6o10

Analyte: Lead continued

Total MNuber of Bianks . 11 Cocrentration Range NC
Total Mu•er Above Detection Limit * 0 Maxirua Detection Limit * 5.0

Method: lCP Metels by S~oo10

Analyte: Nickel

21-Pay-90 Preparation No 1.5000 1.5000 mq/Kg
Z3-May-90 Preparation Nd 1.5000 1.5000 Ig/Kg
31-May-90 Preparation NO 1.5000 1.5000 VNIgKO

15-Jun-90 Preparation No 1.000 1.5000 mg/Kg
Z1-Jun-90 Pre1.ration NO 1.50Sr0 1.5000 mg/Kg
12-Jul-90 Preparation NO 1.5000 1.5000 mg/Kg
17-Jul-90 Pre-pration No 1.5000 1.5000 moleq
24-Jul-90 Preparation wO 2.0000 2.0000 mg/lKg
25"Jul-90 Preparation NO 0.0200 0.0200 On/Kg

26-Jul-90 Prepararion NO 1.5000 1.5000 mg/Kg

TntaL Numi:er of Stanks * 10 Concentration Range NC
Total Number above Detection Limit * 0 maximum Oetection Limit = 2.0

......... x......... x................ .....................................................................

Method: Chrome VI by SW7196

Analyte: ChrciLus VI

15-MaY-90 Field BStar No 0.0200 0.0200 mg/Kg
15-May-90 Field hla.-.t NO 0.0090 0.0090 el/Kg

15-May-90 Field Blank NO 0.0200 0.0200 mg/Kg
15-May-90 Field ILrnk ND 0.0050 0.0050 mg/Kg
15-May-90 Field Stank NO 0.1900 0.1900 mg/Kg
16-May-90 Field Slank No 0.0050 0.0050 mg/Kg-
16-May-90 Field 8lank 0.0100 mg/Kg
16-,ay-90 Field (lank No 0.0050 0.0050 mg/Kg

16-May-90 Field Bltan NO 0.0050 0.0050 mg/Kg
17-Mey-90 Field Rtwk NO 0.0050 0.0050 mg/Kg
17-May-90 Field Blaek NO 0.0050 0.0050 mg/Kg

17-May-90 Field Stark No 0.0050 0.0050 mg/Kg
17-May-90 Field SlaLv 0.006O mg/Kg
18-Mey-90 Field ata No 0.0050 0.0050 mg/Kg

............................ ...............................................................

(Cnt i rS.-?d)
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Table F2 (Continued)

giant ResuLts for Matrix * SOLI.D; S•r~matr-ix * a/A

Oate Type of SItanf Octec i Flo netult Oetection Limit Unit2

Aratysis for Chrome VI by SW7196
Analyte: Chromium VI ccntinred

18-May-90 Field Slank 0.0050 ,i/g
15-May-90 Preparation MO 0.0050 0.0050 ff/1g
16-May-90 Prpamration No 0.0050 0.0050 mg/Kg
17-May-90 Prearation ko 0.0050 0.0050 ffq/Kg
17-May-90 Preiarstion NO 0.0050 0.0C50 '/jKg
17-May-90 Preoaratice DO 0.0050 0.0050 q/rJ i1
18-May-90 Preration NO 0.0050 0.0050 mgY/Kg
18-May-90 Preoaration MO 0.0050 0.0050 NYK
18-may-90 Preoe-rstica, No 0.0050 0.0050 rm/lg2
2
-.Jul-90 Preimratio, NO 0.2000 0.2000 ffilKQ

23-Aug-90 Preparation •o 0.MUD0 0.0800 mg/Kg

Total i•uroer of BLants * 25 Concentration Rarne 0.0050 - 0.010
Total MNumer abbve Detection Limit 3 MaOiz'iU Detection Limit - 0.20

WN4tW,: Sulfate by IC (E300.0)
Anaeyte: SuLfate

14-Sep-90 Precarotj iMO 12.5000 12.$000 rrq/Kg

Total kUler of gka•ns * 1 ,cntntration Rthe Kq C

Total Mwuýr above Detection Limit * 0 Msaximm Oetection Limit - 12.5

.... ............... .................. ........................ .............. ............................

ir

(Continued)
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Tnabe F2 (continued)

glanic Rtlult$ •for Patrix •TREATED; S~LJtrj•t'x .

Oate Type of Iltar Otatectio Flag RasuLt Detection Limit Units

Methiod: ICP PKetals by SW6010

AniLyte: Chromi.um

19-Seo-90 Preparaticr, NO 0.0030 0.0030 ffI/L

19-Sep-90 Preparation MD 0.0030 0.0030 mg/L

25-Seo-90 Preparation No 0.0200 0.0200 mg/tL

26-Sto-90 Preparation <Sx 0.0080 i mq/L

Total umcier of Blan0(s 4, CorcentratioM Range 0.CCS0 - O.00O0

Total Nuiber ab•ve Oetection Limit 1 MaxinU• Oetection Limit * 0.020

Method: ICP Metals by SIJ6010

Analyte: Iron

19-Se-90 Preparation No O.o4o0 0.0400 t/.

20-Se9-W Preplrat ioHo Ni.o 0 .040 O. 0 mg/L

26-Sep-90 Preparation ND 0.0400 IOmg/L

Total MUIJer Of SanKs •3 concentration Range NC

Total HW:kibr aco-:c Detection Limit 0 Mmixiiun Oetection Limit * 0.040

Methmod: ICP Metsil by SW6010
Anaryte: Lead

19-Sep-90 Preparation wo 0.0500 0.0500 mq/L.

20-Sep-90 Preparation No 0.0500 0.0500 ig/tI

2,6-Sep-90 Preparation No 0.0500 ml

Total Number of tlanxs 3 Corcentration Range NC

Totatl Numor above Detection Limit * 0 Maxiiml.l Oetection Limit 0.050

Methoo: ICP Metrats by S1.4610

Anmtyte: aicket

19-Seo-90 Prerition NO 0.0200 0.02C0 WII.

20-Sep-90 Preparation wa 0.0200 0.0200 mg/L

26-Sev",-0 Preparation NO 0.0200 nv/Lr /

...................................... ...................................................................

(Cont i Med)
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Table F2 (Continued)

gl3wr ietjuta for Matrix m TREATED; Sutmtrix •atr

Dat. Tye of Ita,* Detection Flag Result Detection Limit Units

Arnalysis for ICP Matl bY S%4010

An-lyte: iNikel contirue,

Total Niumber of LA.itks . 3 Conentration Rsn*e Mc

Total Niubaer abve Detecti,)n Limit * 0 Maximuml Detection Limit * 0.020

Natthod: Chrcme VI by SW7196
Arialyte: Chromium VI

19-May-90 Precirartim MD 0 0050 0.005C mn/L

Total NLM r of Stanki - 1 Concentration farge W.C

Total Xufrter above Detection Limit k 0 MaxiuJn Detection Limit . 0.C050

(Continued)
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Table F2 (Coritir.ued)

Data Type of Blank Dete-ction Flog Result Detection~ Limit Uniit%

Method: Ar'xerOc tby xi (E2066.2)
Analyze-. Atseiiic

27-Avg-9O Prec~aration MO .0040 O.c04o mqjw.
16-Oct-90 Pr"Aration KO0.00.O/l

Total .a.mer' of Slarits 2 Concen~trationi larn* MiC
Tota Wuiberaboe Deecton Lmit 0 Nxisuj Detection Limit - O.0040

12-JuL-90 Method Blank io 1.0000 1.0000 Ut101/C`1

Total itu'be, of slarics *2 Conentrat ion Range WC
Total L ibuter aticivi Detection Limit '0 Maximum, Detectiocn Limit x 1.0 /

Method: Mercury by Cold Vsixr AA (E245.1)

Ailyte: mercury

16-oct-90 Prepration0.02W/

Total mtrier' of Blaniks ConcCentr-ation eRaNe 0.00020 0.00020
Total l~imier' above Detection Limit I Masxin Detection Limit.................................................. ............

Method: ICP Met*as O~y Siu6010
An&byte: Barium

27-Seg-90 Preveration Nto 0.0100 000

27Augeo90 Preomrstiom NoIC 0.100100 im/
03-Oct-90 Prepairation oo .010 e9

.. ............................................. ...... ...... ........................................

(Cont iriued)
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Table F2 (Continued)

giant Riisultt for 0itrix -TREATED; Sut,"wtrix - I

Oat. TVof tlarna Detection Flog Result Dorection Limit Units

Anatyis for lOP xetals ty SWS'IO&.~

Total Jumer of Blanks *3Comentrati~ilng R If

Total MIJ'er 600ý* Ntiteto Limit "* 0 ~ o~ptction Lii 0 .010

whoP¶. lOP mtals bry 01.6310

AriatyttE Caamiti

27-ougq90 Prvaratlio *5% 0.00,93 ql

0d.$eo-90 Firt"Arst-onto 0.0050o~, rq

OS-oct-90 Prioarion' N0o~oo 0.0050

Tots: f.rs .. r *.o 3 ati tam*e O.Q3 .CY39
TOatl Y:~ts'- Oo* tf-c t~j- Limit * Ilaxiiqas inOttction Limit * .C050

Arialyte C.

27 -AA -90 P r -DAra t i~, w0 MI0N 0.0100 NV/L

04 .i eo.-90 #r Ir a t I wti 0.01030 0.0030 iR/L

03-Oct*9i3 pfrotiara n *5ý 0.C0.40 RVA t.

04 -c-t- 90 prreoraticri . 0.0030 0.C030 mg/l.

0-T- ~913 Preortaia'i K 0.0030 O.C030 rN/J.

Oc t- r90 Frevosratio Aw, 0.0030 0.0030 #V/1.

?cotat 0ai-r .3f Blank$ * in~cetratio lor, *a O.0. 0.30C..-O
Total Mu",ptq stý 0611im,-a 00te .s.snOictirx Limit - 0,010

M~tmcd: IcP "eta($ 17V S.A•0i0

03 Octý93 P'porst'mn' ix 0,04r0 Nit.

0.4 0.!it 91) 0 ,qa t ,on No 0.0.400 30. 00ýc mit.
1 O9 -tc-'?0 f91.'at 113M50 0 .400 .01.0400 IV/L

(Cont I MjsM<)
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Table F2 (Continued)

Blmnk Result.q for MatrIX * TIATED; S41ratrix

................ . ...... I.......... .........................................

Date type of Blank Detection Ptla Result Detection Limit Units

Anwatlysi for ICP Xetals by S1.6010

Au'alyt*: from coqntirc*d

Total Nmber of BltanIs ConcCentr'ation Range 0.040 - 0Malf

Total vu,09F as--e Detection Limit *2 Pfosinw~ Detection Limit - 0.0=4

method: ICP 01*tals by S.16010

ArwiYt*.- Lead

27-Aug-90 Pret,.ratiom No 0.0500 0.0500 Wt.

0h-Sto-90 Prevention MO 0.0500 0.0CSC mg/l

03-Oct-90 Preverstion. No 0.0500 0.0500 xv/1.

03-Oct-90 Preceraltion WD 0.05C0 0.0500 ffig/l.

04-Oct-90 Prevaration )CD 0.0500 0.0500 mg/L

0.8-oct-90 Prepration MD0.0500 0.0500 av/L.

Total aurt~r Cf 5la-'KS 6 Concen-tration RSC~e MC

Total aufvbt esove Oetection Limet *0maximumj Detection Limit *0.050

MetliX1: ICP Wetal by 516010o

Arialytt: mickle

04-Ito-90 Prepration ao 0.02C0 0.02co Mgr/L

03-Oct-90 Pfreparation No 0.0200 0.02C0 ii'g/L

03-Oct-90 Preoaration ao 0.0700 0.02W0 iVA/

04-Oct-90 Pra-paration MD 0.0200 0.0200 "10/1.

08-oct.90 Pfreiatlon aM 0.0200 0.0200 fr9/L

lotiat A..er of Stanwa 5 Concentration' it"* WC

Total aamrcr moo"e Otecti~on tim~t *0 Malei. Ottection Limit -0.020f

Aralyte: Sflver

27-A.,4-90 Pre)paration '5x 0.0130 R/

0.4-S-t-
90
3 Pr.-,arstion ao 0.0100 0.0100 "/

03-oct-90 Pre~rstion No 0.0100

....... .......................................................................... ... ...........

(Cn t trved)
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TabLe F2 (Continued)

iVa* Results for matrix * TREATED: SLtiarrix % T

oat* Type of tani Detection Flaij Retult tetection Limit Units

Analysis for ICP Meetas by S I.6010

Analifte: Silk'tr Contirued

Total Number of Stw's - 3 Cocentration Rangie 0.013 - 0.013

Total M, r a•ove Oetectio Limit Maximum Detecticr Limit - 0.010

.................... a S~................... ..........lt . . ..... .....................

Method: Seleniurn by AA (5270.2)

Anatyte: SeleniLum

27-Aug-90 Prevnrotic • so 0.0050 0.0050 rW/L

16-Oct-90 Prear at ioon O 0.0050 w~lL

Total Muior of Btaris - 2 Concentration Range mC

Total MNubr above Dete.ction Limit x 0 maximuif Oetection Limit . 0.0U50

. a........................................................................

methoe: Chro, Y VI ty SW719-

Analyte: Chrom~ii VI

06'Jui Preo atior 14O 0.0200 0.0200 Ify/L

06Jut-90 Pr ev.rat i NSO 0.0200 0.0200 RV/L

23"Aug-90 Pfrearation 50 0.0200 0.0200 m91/L

Total Nr Of a ltencs * 3 Concentration•a Ne WC

Total ukLM:r s.e Detection Limit * 0 Naliui Detection Limit - 0.020

.................. X.................................. . .........................

Metftod: Wifate by IC (M3313.0)

Atyl:yt. Sulfato

10-Jut-901 Oeti•od Star* No 0.0500 0.0500 ma/L

10"Jut-90- Prt-oarstim No 12.OOCO 12.0C000 '/L

Total su~r of 9l•aI s 2 Cottr.,tiotIm < Wrn.C %I

Total W1r :er 00vt Detection Limit • 0 MaxiU " etection Limit 12.0

.............. ............. .......................... C ............... .......

................................................-.....................
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Table F2 (Continued) I.
Blaun Resuits for Matrix • TREATED; SLiatrix * E/A

Date Type of Blanrk Detection Flag Result Detection Limit Units

M4ethod: Arsenic by AA (E206.2)

Analyte: Arsenic

20-Sep-90 Preparation NO 0.OOO .O0O40 rffIxg

Total Nuor of Start s Concentraticn Range NC
Total ku'02r above Oetection Limit * 0 Maximu Detection Limit - 0.0040

Method: Chloride by Ic (E330.0)

AnaLyte: Chloride

28-Sev-90 PretAration N6O 5.00CO 5.000 mg/K9

Total BNier of Blanks i ¶ Concentration Ranqe NC[
Total Numb~er abo'e Detection Limit =0 Mqaxirum Detection Limit - 5.0

...................... .................................................... ................................................

Method: ICP Metats by Si.l0
Arldlytt: Chromium

20-Sep-90 Prmearation •0 0.4000 .. l,/tg
25sevO90 Proration NoO0W O.W wq/tg
26- Se-90 Prearat ion <X 0.0/g
25-S"e-90 Prevaration No 0.3000 Mg/Kg
28-Seo-

9
0 Precaratii•.n x 0.00c0 wI"Ag

03-oc -90 Prearaanret No 0.3000 0.3000 Ag/KQ

Total NLJ•*•" f Sltart s 6 Cceenratio, Range O. "-C. , 0.40
Totsl W"'ber 4ove Oetect'on Limit 3 90xinjmx Detection Limit - 0.!0

NettipJ: ICP Metals by S.'i010

Anrlyte: Iron

26Sep-90 Pr~mrat icn Oso 4.0000 gt
23- Sm- 

9
0 Pr-ciariot i .x 3.0C oqltg

01-Oct-
9
0 P"irat IcM <5x 0.000 g/kg r

01-act-90 p recve, 0t Ion &o4CCCO /6.0000 f5t
03- c t -90 Pr-oaroation )NO 34M NA;

(Ccnt i Mce-i)
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TabLe F2 (ConcLuded)

stank lesulta for matrix * TREATED; Sib•ttrix = N/A

.......... ...... ... ......... . .........................................................

Date Type of Blank Detecticxi Flag ResuLt Detection Limit Units

Analysis for tOP Metals by S010
ArwtLyte Iron continued

Total MLber of Starits * 5 Concentration Rangie O.060 - 8.9
Total MLmfr above Oetection Limit 2 Maxieka Oete.tion Limit 4 4.0

Method: ICP Metals by SI]6O1
Analytc: Lead

26-Sec-90 Preoeration No 5.0000 5.0000 rrl/g
28-Sec-90 Prever-ation NO 5.CCOO //Q

03-Oct-90 Pre-peratri iti 5.0000 5.000 fiq/Kg

03-Oct-90 Prevertion MO 0.0500 mq/=g

Total Mular of Blanks 4 Concentration Range NC

Total NuM:r :bove Detection Limit • 0 Maxinui Detection Limit - 5.0

Method. ICP Metals by SW6010

Arnatyte: Wicket

26-seo-90 Preonration No 2.000 2.0000 rK/(g

23Sto-90 Pretierat ion MO 2.OCO0 rlI/Kg
01-ocT-90 Preparation Ito 0.0200 mrq/Xg
03-Oct-90 Preparation g 2.0000 2.0000 mJ/Kg

Total Mi.m•r of BIorms . 4 Concentration latae 4C

Total Nllmlr abo've Oetection Limit a 0 MaxXiU Detection Limit - 2.0

................ ............................................... .......................

Metfiod: Sateleium, oy AA (E27M.2)

Aratyte: Sterlenium

2
0

Sev-
9 0  

Preparation so 0.0000 0.0000 ia/j/

Total Nirprver of starts - I Crcen'tratlin srange 4C

Total kurieter soove Detection Limit * 0 Moxiix." 0etection Limit - 0.OCOCO

IL
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Table F3

Surmiary of Quality Control Check Sar,,pe (OCC$)

Results, Frontier Hard Chrcre

SLank ResuLts for Matrix * TREATED; S~bmAtrix a */A

Date Type of BSarn Detectio, Flag Result Detection Limit Units

Method: Chrw VI by SW7196

Anatyte: Chrciun VI

20-Sepo90 Preoaration HO 0.0050 0.0050 VI /

Total ML€er of S,•s 1 tconentratbon RaNe NC

Total Nuv~er above Oetecticn Limit * 0 Maxinj Detection Limit - 0.0050

........ ......................................... ..................~1...........

Method: Sulfate by IC (E300.0)

Analyte: Sulfate

25-Seo-90 Precrat ion MO 12.50C0 12.5000 ffv/Kg

Total Muroer of atants - I Co'centrotion R•e WC

Total Numier above Detection Li,ait * 0 Maxiftm Detection Lill? - 12.5

................................................................ X................................

I

I

(Cont i rxied)
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TabLe F3 (Continued)

SLI9'ART O CCS RESULTS FOR KATRIX • X EP LEACMATE

of Neon %

Parmetar Samie1 Recovery CV (M)

ICP MetaLs by SU601O

C-tibraticn Controt Swte

Chromim 5 8.9 1.3

Iron 7 98.2 1.3

Lesd 7 97.5 1.0

Njickel 7 97.9 1.3

I

.4

(Continued)
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Table F3 (Continued)

SLIMARY OF QCCS RESUJLTS FOR MATRIX SoLid

)lumber

of Mean %
Parlmeter S a s Recovery Cv (%)

Arsenic: by AA (E2r-6.2)
Calibration ControL SaLpte

Arsenic 5 96.8 6.0

Cor*=:cTiy i ty (E120.1)

CaLibration Control Srite
Com 5 98.5 2.0
Co,-kx r i vi ty 5 100.0 .4

ChLoride by IC (E3CO.0)
CaLibration Control Sale

Chloride 7 98.3 1.0

Mercury by Cold Vmoor AA (E245.1)
Calibration Control S.,Vte

Mercury 98.3 1.5

ICP "Tell by Si-6l-i01
Calibration Control Samte

Berilu 4 97.0 1.6Cachit u 4 95.9 2.4

Chromiuf r o m = 7 9 1 0 1 . 6 "[•3. 3

77 100.9 3.3Lead 8o 101.7 3.3
Nickel 72 101.3 3.4
SiLver 4 97.5 1.1

Laboratory Control Samtoi
Chrcmiua 2 96.0 4.41
Iran 2 104.8 3.8
Lead 2 94.7 4.9.
Nickel 2 90.9 14.2

Selenium by AA (E271.2)

CaLibration Control Samle
Selenius 5 96.3 3.1

Chrcr w VI

Calibration Control Swrote
ChroumI- V1 4 98.9 1.3

.................................................................................

(Cont inued)
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TabLe F3 (Contimed)

Su4IAY OF OCCS RESULTS FOR MATRIX * Solid

*........................ .... .......tSZSf=S2UX3S.S.tt........... ............................

of Meoa %

Parwoter samol.s ýecovery CV ()

COromv VI

Laoratory Control Sa•'vLe

Chrcminu' VI 27 98.0 3..7

Sulfate by IC (E300.0)

Calibration Control Sarole

Sulfate 97.7 1.2

I
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TabLe F3 (Conctluded)

SUZJ9ARY OF OC"S RESULTS FOR KATRIx T REATED
.................... ............. v ............ .........................= as zs~x I • •a• s

NuYber
of Mean %

Parameter Sair It e Recovery CV (%)

Arsenic by UA (E206.2)

Calibration Control Sw•*l.
Arsenic 5 99.4 8.5

Laboratory Control Suste
Arsenic I 114.4

Co'xndutivity (E120.I)

CaLibration Control SwvLe
Corcxtiv ty 12 100.2 .9

Chloride by IC (E300.0)

Calibration Control San.Dle
Chloride 14 98.0 2.5

gercur'f by Cole Vacor A (E245.1)

CaLlbreton, Control Swble
"*ercury 4 98.1 2.6

ICP Metals by SW6]10
Calibration Control S•:vle

Barium 9 99.5 1.4
Ca••mius 9 95.6 3.5
Chromium 100.7 2.1
Chroium vI 102.0

I9o 4 .7 2.0
Lat!J 42 101.8 5.2
Nickel 39 101.8 4.9
SiLtver 9 97. 2.5

Laboratory Contrel Samote
Barium 1 102.0

Caduiium 1 102.0
Chromium 8 94.6 6.8
Iron 6 91.8 10.3
Lead 7 9%.4 7.2
Nickel 7 90.7 9.9
Silver 1 99.7

pm by S¶J90.45

.......... ....... .... . .....h............*......*.*l. f........s.......*..
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Table F4

Detaited Listinq of Ouatity Controt Ch•c• Sarrmte (OCCS)

Results, Frontier Hard Chrore

SZJ%4Aty OF OCCS RESULTS FOR KATRIX - TREATED

.................................. ~t..t........ .............................

Number

of Ma
Paramater Samw es Recovery Cv (I.)

P0 by S•1905
Calibration Control SmkLo

P3 100.9 .8

Selenium by AA (E270.2)
Calibration Control Sample

Selenium 5 96.7 3.8
Laboratory Control Sarvle

Selenium 1 83.6

C?•,r o. VI

Caflbeation Control Serwve
CIroirux VI 31 102.1 2.1

Sulfate by IC (E300.O)
Calibration Control Sa•rple

Sulfate Is 97.0 2.4

I,

(CC.t i rMjed)
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Table F4 (Contined)

True• Det Measured %
Cate Votue FLag vaLue Recovery

Method: Arsenic by AA (E206.2)

Matrix: Solid

Aal tyte: Arsenic

Type of Control Sumio: Calibration Contro, S&MvL.

27-Aug-90 O.OSO r10/L 0.052 r/. 10.4.00
27-Aug-90 0.050 rfq/L O.049 wq/L 98.00
06- S,0-90 0.G50 e/L O.C0. mg/L 92.00
06-Seo-90 0.050 mR/L 0.050 mg/L 100.00
06- SC-9l 0.050 mg/L 0.045 mg/L 90.00

Muraer of Saiq•tes - 5 Mea• % Recovery 96.8 CV (M) * 6.0

Ba..................... ........... •. ................................ ...............

Method: Arsenic b• AA (E2C6.2)

Matrix: TREATED

AnaLyTe: Arsenic

Type of Control Saekte: Calibration Controi SaMI• .

06- Se-90 .050 0 /.00 mq/L 100.00
O6-Seep-90 0.00 .g/t,0 O0.4C rq/L 92.00

O6-Seoc-90 0.050 mg/L 0.045 eq/L 90.00
16"0ct 90 0.050 mi/L 0.053 mg/l 105.00

06-Oct-0 0.050 mg/IL 0.055 On/L 110.00

Type of Control Sa•t.: Labormtory Control Sýlve.

16-Oct-90 0.050 mg/I. 0.057 ,,g/t 114.40

mulVber of Saolei 6 Mean Z Recovery a 10%7. CV ( • 9.6

(Continued)

F33

4A,

-C.



Table F4 (Continued)

I rue Dot measured

Oate Volt* Flog value Recovery

method: CotdLmcti'vity (E120.1)

matrix: Solid
Arnatyt.: COND

Type of Control Saivi: Calibration Control Saivle.

12-Jul-
9 0 1403.0 Uwmos/cm 13U,4000 emVos 98.65

12-JuL-90 1403.0 Ulroes/cji 14091000 "aslO 100.43

1: .ul-90 1403.0 uiwios/crn 1405.000 Mos 100.14

26- JuL-90 1403.0 urn o s Icm 1345.000 "VaO5 95.37
26-Jul-90 1403.0 .zmwos/cm% 11.65.0C0 ivios 97.29

wtsrDer of samtes *5 Mean % Rtecov~ery * 98.5 CV M~ .0

Method: Cor~luctivity (E120.1)
Matrix: SoLid
Anatytt* Conductivity

Type of Control Sw~Ie: Calibration Control Samte.

"04-sep-90 1400.0 Uifot!/cqI 1395.000 uVihos/cm~ 99.6.4

04- Sep-90 1400.0 uivios/cm 1409.000 u,,os/cii 100.64

0
4

-Sep-90 1400.0 u.-os/cm 1"98.000 uw'.os/cm N .86

05-Sep-90 1400.0 Ummos/cm 1399.000 a-imfos/cm 99.93
05-Sep-90 1400.0 rrflos/cu 1397.000 uriuias/crn 99.79

murcer of SaTVLes x 5 mean, % Recovery - 100.0 CV M~ .0

................................................................... ........................

Matrix: TREATED

Arielyte: Coer2..Etivity

Typx of Control Sa~mte: Calibration Control Sa.'ole.

04 -Seo-90 1400. ur-tros/ci 1409.0C0 ulos/cm 100.6..

04-Sev-90 1400.0 ulnos/cir 1409.000 u-noslcnr 100.64

0.4-Seo-90 1400.0 Lrvilos/cir 1393.000 U'v os/ CM 99.86

04-Sep-90 1400.0 Lurn os/ CM 139S.CCO urvimo/ci, 99.6.'

0
4

-Seo-90 1400.0 Urti os /c 139S.000 ujrros/c., 99.64,
04-Sep-90 1.00.0 rrwol/cm 1378.000 r.pcs/cm 99. U

........................ .........................................................

(Cont rinued)
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Table F4 (Continued).................. ............................ ....... . .........................
True Oet Pieasued %

Date VaLue FLtg VaIl.b Recovery

mothod: ChLorioe by IC (EMCO.M)
Matrix* TRATED

Ar.lyte: Chloriod

Type of Control Sawie: Calibration Controt Sarmte.

14-Sea-90 8.000 mg/L 78.81 ffr/L 98.01

14-Seo-90 8.000 m/L 7.890 wq/L 98.63

14-Seo-90 8.000 mff/L 7.840 ffq/L 98.00

14-Seo-90 8.000 ni/L 8.010 mg/L 100.13

14-se-9 8.000 ffq/L 7.890 Nq/L 98.63

14-Sea-90 8.JCO mg/L 7.841 Nq/L 95.01

14-Sep-90 8.000 rN/L 7.890 mqIL 98.63

14-5ep-9.3 8.000 mr/L 8.0V1 r/i/L 100.13

25-Sep-90 8.000 ftv/L 8.210 m./L 102.63

28-Seo-90 8.000 mq/L 7.940 mq/L 99.25

23-Sep-990 8.000 ffq/L 7.740 mr/L 99.2m

03-Oct-90 8.000 mn/L 7.543 mg/L 94.29
03-Oct-90 8.000 Nq/i 7.581 It/L 94.76

03-Oct-90 a.000 ma3/I 7.516. wq/I 93."5

M.Joer of so-ote Neo %4PC~ Recov'ery ;89.0 CV (%) * 2.5

.... ................. ............................. ...... .......... ............. ~

Method: mercury Py Cold Vapor AA (E245.11

matrix: Solid

ArnaLyte: oerycu-

Type of Control Sbie: Calibration Control Same.

27-Aug-9-0 0.0040 .1/L 0.004 R/L. 100.00

27-Aug-90 0.0040 mq/L 0.004 eq/I. 97.50

04-Sep-90 0.0040 wq/L 0.004 mej/L 91'.50

WLzref of Svtes z 3 Keen r Iecovery * 95.3 CV IX) * •.5

... ......... ........ .................... ......... ...........................................

x................ ............................................ ..............3.....

(Cont inued).j
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Table F4 (Continued)

.t.2RSZS S~X~ZUfl~tTrue Det Measured

Metho, Chtoroe•by IC (00.0)oo

An.lyte, hord

TYVOf Control Saroe; Calibration Control SaiLoe.

14-Seo-90 8.000 mg/L 7.541 ni/L 98.01

14-Seo-90 8.000 ,g/, 7.S90 W/L 98.L

14-S-0-90 8.000 mq.'L 7.8.40 rn/L 98.00

14-Sev-90 8.000 rn/L 8.010 rf/L 100.13

14- Seo 90 8.000 eNIL 7.390 rvIL 971

14-Seo-90 8.000 mq/L 7.801 N'/L 9,063

l4-Sep-90 8.000 rIn/L 7.8S91 ,;/ L 98.01

14-Seo-90 8.000 rrq/L 8.010 rnf/L 10.I-3

28-Se-0-90 8.000 rf/L 8.210 mg/L 102.13
28-Sep-90 8.000 rrg/L 7.940 mnlL 99.25
28-Sev-90 8.00' r- m/L 7.730 /tL 96.Ž3
03-Oct-90 8.000 mqlL 7.543 mg/l 94.29

03.oct-90 8.0o0 f!/L 7.551 mq/t 94.76
03-Oct-90 8.000 mn/L 7.516 mV/t 93.93

Wu70er of t,'mles - 14 Mean % Recover-y 98.0 CV () 2.5

Method: Mercury by CoLd Vap-r AA (E245.1)
Matrix: Solid

Arakyte: mercwr-.

Type of Control Sa•rie: Calibration Co-trol Sargie.

27-Aug-90 0.0040 Rq/t. 0.004 Rqg/L 100.010

27-Aug-90 0.0040 ffq/L 0.00" e,/L 97.50

04-sep-90 0.0040 -q/L 0.004 mqt/L 97.10

mu.'oer of S&ries * 3 Mean R-ecovery 98.3 CV (•) * 1.5

........................................................... .......

(Cont i nued)
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Table F4 (Continued)

True Oet Measured %
Date Value Flag Value Recovery

Method: Mercury bv Cold Vapor AA (E2,5.1)
matrix: TRtEATED

An~tyte, Mercury

Type of Control Sam,*l: Calibration Control Samile.

04-Seo-90 0.01140 mg/I 0.004 m/IL 95.00
04-Seo 90 0.0040 mg/L 0.004 mg/l 97.50

0-.000 Oq/L .004 wq/L 99.00
16-Oct-90 0.0040 mg/L 0.004 mg/I 101.00

murber of Samtes 4 4 Mean % Recovery * 98.1 CV (1) * 2.6

Method: ICP Metals by SW.6010

Matrix: MW EP LEACHATE

Analyte: Chromius

Type of Control Swvle: Calibration Control Sam(*l.

18-Jun-90 5 000 09/1. 4.9w mR/L 99.60
18-Jun-90 5.000 mg//L 5.000 vq/L 100.00
18-J jr-90 5.000 mNg/L 4.800 vn/L 97.80
18-Jjun- 90 5.000 eq/L 4.160 mgq/L 97.20
18-Jun-90 5.000 Nq/L 4.990 nIL 99.0O

Nuibr of !;am~les 5 M~ean R;ecovery • 98.9 Cv M• 1.3

Method: ICP Metals by SW6010

Matrix: MW EP LEACXATE

Analmte: Iron

Type of Control Sam(*: Calibration Control Samrte.

18-Jun-90 5.000 mg/I 4.,880 Xq/I 97.60

18 - j .90 5.000 PV/I. 4.Uh0 wq/L 96.80
18 -Jirr90 5.000 eq /I. 4.980 N-9/1. 99.60
18-Jijn-90 5.000 rg/L 4.950 eq/L 99.00
18-Jun -90 5.000 mg/I. 4.960 ng/I. 99.20
18-Jun-90 5.000 NqI.L 4.940 N/LI 98.80
18-JL.a-90 5.CO m/IL 4.820 mg/L 96.40

............................................. ......................................................................

(Ccritfi rued)
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TabLe F4 (Continued)

.............. .... .... .........rrslfhzl . ..,..............~ws~zzu- .. ........................S~tS ti~f

True Det me4astred %

Oate Vatue FLag Vatue Recovery

Methtod: ICP MetatLs by SW6010

Matrix: PW EP LEACrATE
Anatyte: tro

Type of Cotrot Sw•te: Catibratici ControL SamtLe. contirued

Kuroer of Swve5 * 7 metsn X Recovery v 98.2 CV (..) .

M~ethod: ICP iMetaks by SW6010

Matrix: Wj EP LEACXATE

Arnayte: Lead

Type of Control S&[e: CaLibration ControL S&Mte.

18-Jun-90 5.000 mg/L 4.830 mI/L 96.60
18-JL"-9 5.000 rq/L 4.890 Nrq/L 97.80
18-Jkun-90 5.000 w/L 4.610 N/. 9S.20

18-Jun-90 5.000 wq/L 4..60 f/L 97.23
18-J n- 5.0C0 mg/L 4.950 q/L 99.00

5.0.18-Jun-9 .00 q/L 4.910 eq/L 98.20
18-Jun-90 5.000 09;. 4. 880 eq/I 97.60

Murcer of SaTptee 7 mean % Recovtry * 97.5 CV (, * 1.0

metthod: lCP Metats by sU6010

Matrix: MY EP LEACHATE

AemIyte: mickeL

Tyve of Controt SwtLe: Caiibration Control Saie.

18-Jti-g90 5.000 fq/,. 4.&30 eq/L 96.60
18-Jrun-90 5.000 mg/L 4.890 wq/L 97.80

18-Jtn-90 5.000 ffq/L 4.7W eq/. 95.60

18-Jun-g 90 5.000 moll. 4,960 rq/L 99.20

18-juv-90 SAC0O .qii 46.940 ffv/I 98.80

18-jun-90 5.0C0 ./I 4.920 rq/IL 98.40

18-jun-9O 5.000 vq/L 4.930 Rn/L 98.60

Nnurtr of Smle5 M 7 me"n I 2ecovery * 97.9 CV (1) * 1.3

.................................................. ...... 1,....................................................

................................................ ........................... .......... ..... ..................

(cont i ue-d)

F3 8

I' "• l • 5 l l e e 1 11 f l ii e e l • •! 11 • 1 l • 1 l t rl 1 t I 8 I 1 l t



Table F4 (Continued)

ru Oat Messurto %

Oate Value Flag VaLu.. RecoverY

Methlod: l.P Metals by SW60
Matrix: Solid

Anamyte: Barium

Type of Control Smopla: Calibration Control S•m(*e.

27-Aug-90 5.000 mg/L 4.790 Nq/L 95.&

27-Aug-90 5.000 NIL &4.810 m,/L 96.20

27-Aug-90 5.000 N./L 4.30 /IL 96.60

27-Aug-90 10.0 qr/L 9.930 mq/L 99.30

Murcer of SMTctes - 4 mean % Recovery * 97.0 CV (Z) * 1.6

Method: |CP Metals ty S46010

Matrix: Solid

Arvalyle: Cachiure

Type of Contrul Swcte: Calibration ControL S&avte.

27-Aug-90 5.000 vqiL. 4.71.0 'N/L 94.80

27-Aug-90 10.0 mg/L 9.940 rq/L 99.40

27-Aug-90 5.000 sq/L 4.770 'g/L 94.40

27-Aug-90 W.000 mg/L 4.750 NIL 95.00

OMuYmr of Sam' es , Mse r % Recovetry 95.9 CY (M) * 2.4

Wthod: 1CP Wetmls by SW6010

Matrix: Solid
Ar•tyle: Cisromi n

Type of Control Samtt: Catibratiom Contro( S&rvi*.

21-May-90 5.000 mg/L 5.130 rq/L 102.60

21-May-90 5.300 .,//L 5.130 'N/L 102.60

23-May-9?O 5.000 mN/L 5.4.80 NI/L 109.60

23-may-90 5.000 "g/L 5.200 NIL 104.00

28-May-90 5.C00 "g/L 5.140 ",/L 102.80

28-May-90 5.000 Ig/L 5.070 w,,IL 101.40

29-may-.'9 5.000 ./,. 4.650 "g/L 93.00

29-"My-90 5.000 N-/IL 4.740 NIL 94.30

29-may-90 5.000 /iL 4.740 N/L 94.80

.........................................................................

(ContinLuyd)
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Table F4 (Contirue*d)

True Cat m4easured

Date value Fkag Vatue Recov~er*y

M~ethod: ICP PWetaks bY SU.6010

Mqatrix: Solid

AAtalyte: Chromium

Typ o Contret S&ýcle: CaL ibration CIontrol SamVLC. contro.*d

29-may-910 5.00O mg/I. 4.770 rg/I. 95.40

?
9
-04Y-90 S. 5.0 mg/. A.M9 mg/I. 97.80

2MA905.0CO me/I. 4.810 miq/. 96.20

2N&905.000 wq/I A.&30 mg/I 96.60

31 -Ray-90 5.0(00 Nq/I. 5.140 nv/I. 102.83

31 -04G-
9
0 s.000 W4/ 5.110 ffq/I 102.20

01-jugV90 5.000 wq/I. 5.100 mg/I. 102.00

01-Jmr-90 5.000 mg/I. 5.110 NA/I 102.20

01-JIwr-90 5.000 fq/I. 5.090 fq/I. 101.83

02-jui-90 5.000 ag/I. 5.120 mg/I. 102.40

02-Jwr-90 5.000 an/L 5.010 ffq/I 100.20

02- jku,-90 5.000 mgn/I 5.030 RV/I 100.60

0-u905.003 mg/I 5.130 Mq/I. 102.60

03 I-05.000 mg/I 5.17,0 mg/I. 103.40

03-J*jn-90 5.000 Nq/I. 5.180 mg/I. 103.60

03- Jun-90 5.000 mg/., 5.070 mg/I 101 .40
¶4.jri9 S.* OW 5.0m/I. 4.980 mig/I. 99.60

14-Jx-90 5.000 mg/I. 5.070 mg/I. 101.40
17. in-90 5.000 Wt/. A .90 Wmg/I. 99.60
17- Ju-90 5.000 mg/I. S.0OW mg/I. 101.20
19-ju,-90 5.000 mg/I. 5.120 mg/I. 102.40

19- .in-9,0 5.000 gIVA 5.140 rg/I. 102.83
19 '.an-90 5.000 mg/I. 5.070 g/I. 101.40
19-jun90 5.000 mg/I 5.060 tignI 101.20
19- Juf-90 5.000 Rq/I. 5.190 mg/I. 101.4.0
19-jun-90 5.000 "g/I. 5.050 mg/I. 101.00
20- Jun-90 5.0CO00 A mgIS.10 WQ/I. 103.20
20-jun-90 5.000 09AI 5.140 mg/I. 102.83

21-Jun90 5.000 mg/I. 5.140 mc/I. 102.83

2 1 -J un-90 5.000 v4/I. 5.130 mg9/I 102.60
25 -jun- 90 5.000 mg/I. 5.390 Tq/I. 107.80

25j~-05.000 mg/I. 5.240 mg/1. 104.80
11-Jul -90 $.0O0 mg/I. 5.030 mg/I. 101.80
11-JuL-90 5.000 mg/I. 5.090 mg/I. 101.80
12-Jul.90 5.000 mg/I. 5.190 mg/I. 103.83

12-JuL-90O 5.000 mg/I. 5.1~.0 mg/I. 102.83

12-Jul-90 5.000 mg / L 5.020 mg/I. 100.40

12-Jul-90 5.000 mg/I. 5.540 mg/I. 110.830

(Cont ivued)
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TabLe F4 (Continued)

True Oat measured

Date Value Flag Value Recovery

Plethod: ICP Metals by SJ6010

m~atrix: Solid
AnaLtyte: ChrcmtL•l
Type of Controt Samlio: Calibration Control Samte. continued

12-JuL-90 5.000 g/l. 5.080 mg/L 101.60
12-JuL-90 5.000 mg/L 5.310 nV/L 110.20
12-Jul-90 5.000 NV/L 5.4.80 mg/L 109.60
12-JuL-90 5.000 mg/L 5.150 mg/L 103.60
13-Jul-90 5.000 mg/L 5.190 mg/L 104.60
13-Jut-90 5.000 ,q/i. 5.230 w/L 10.4.60
17-Jul-90 5.000 mgL/ 5.030 mg/L 100.60
17-Jul-90 5.000 rq/IL 5.150 ng/L. 103.00

17-Jut-90 5.000 mv/i. 5.180 mg/L 103.60
17-Jutl-90 5.000 mg/l. 4.960 R•/I. 99.20
24-Jul-go 10.0 mg/l. 10.100 wg/L. 101.00
24-Jut -90 5.000 n/IL 4.940 rq/L 98.8
24-Jul-90 5.000 %11. 5.100 mg/L 102.00
24-J•uL- 90 5.000 V/l. 4.910 m,/I. 98.20
2

4
-Jut-90 5.000 mglL 5.100 mg/l. 102.00

25-Jul-90 10.0 mg/I. 10.200 ne/L. 102.00
25-JuL-90 5.000 mg/l. 5.190 m/IL 103.80
25-Jul-90 5.000 Nv/L 4.%60 wq/L 99.20
25-Jul-90 5.000 mgIL 5.210 mg/l 104.20
25-Jui-90 5.000 . /.l 5.080 mg/l. 101.60
26-JuL-90 5.000 mg/L. 5.230 mg/I 104.60
26-Jul-90 5.000 mg/L 5.200 mg/I. 104.00
26-Jul-90 5.000 mg/I. 5.010 mg/L. 100.20
26-Jul-90 5.000 Nm/I. 5.190 mg/L 103.80
Z: Jul-90 10.0 mg/L 10.100 mg/l. 101.00
27-Aug-90 5.000 = m/I. 4.790 m/.L 95.80
27-Aug-90 10.0 mg/L 9.920 mg/l. 99.20
27-Aug-90 5.000 mg/I. 4.840 mg/I. 96.80

27-Aug-90 5.000 mg/I. 4.770 g/L . 95.40

Cs-Oct 90 10.0 eq/l 9.960 mg/I. 99.60
08-Oct-90 5.000 mg/L 4.890 mg/LI 97.W0

08 -c W.;0 5.000 mg/I. 5.160 mg/. 103.20

Tyr- of Control Swrle: Labratorf Co•.troL Svote.

24-Ju( -" 1.000 mgjL 0.930 mg/I. 93.00

26-Jut-90 1.000 -V./L 0.990 mg/l 99.00

(Contirm)
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Table F4 (Continued)

True Oct *eOsured

Date Value Flog Value Recovery

Metho-• ICP Metals by SWM 10

matrix: Solid
AnaLyte: ChrmiuYm
Type of ControL Saple: Labratory Control SwnLe. continm.ed

unrtber of Sarmles - 81 Nesn % Recovery * 101.5 CV (M) 3.4

MethIod: lOP metaLs by SW010

Matrix: SoLid
Arialyte: Iron

Type of Control Saimple: Calibration Control Sz,-c•e.

21-may- 90 5.000 rAi/L 5.120 moIL 102.40
21-may-90 5.0 otq/t. 5.110 mg/L 102.20

Z3-may-90 5.000 C41L 5.430 rq/L 108.60
23-May-90 5.00 m/.L 5.180 nq/L 103.60

28-mey-90 5.000 RV/L 5.050 mot.L 101.00

28-May-90 5.000 m./L 5.150 rq/L 103.00

29-may-90 5.00W to/L 4.710 MoIL 94.20
29-May-90 5.000 RV/L 4.610 mo1t 92.20

29-May-90 5.000 MV/L 4.8WO KoIL 97.60

29-May-90 5.0Ow MIgL 4.730 mg/L 94.60

29-14Y-90 5.00O r/L 4.730 miol. 95.60

29-May-90 5.000 g/L 4.820 wq/L 96.40
29-May-90 5.000 g/Lt. 4.720 FmlL 94.40

31-may-90 5.000 lq/t. 5.130 motL 102.60

31-may-90 5.000 mg/L 5.180 lq/. 103.60

01-Jun-90 5.000 mI./L 5.0OW G/I. 101.60

01-iJi'-90 5.000 eq/t 5.210 Q/ol 104.20

01-Jun-90 5.000 mo/l. 5.170 lq/t. 103.40

01-Jun-90 5.00C eq/L 5.1•0 P/A. 103.60
02-junr-9  5.000 lq/L. 5.050 m/lt. 101.00

02-Jm-y, 5.000 eol/. 4.960 emq/L 99.20

O; .Jun- 5.000 wq/I 5.160 qh'". 103.20
03-J ,rn-"0 5.000 On/L 5.060 q/I. 101.20

03-Jcr-O0 5.000 W M/L 5.12C emqi. 102.40

03-Jkun-0 5.000 qm/L 5.020 rq/l 100.40

03- J, 90 5.000 '!L 5.100 Nq/L. 102.CO

14-JUd-90 5.000 eN/L 4.940 mgi/L 98.80

14 -J o -9X 5.000 Q/I. 5.020 M/L 10•.40

17-Jui-9' 5.000 eq/L 4.9'O --;/L 99.00

.......................... .......... ...................... .......................... ........ .....
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TabLe F4 (Continued)

True oft Measured
Date Value Flag value Recovery

Method: ICP MetaLs by SU601G
Matrix: SoLid
Analyte: Iron
Type of Control Samvle: Calibration Control Sa•ple. continued

25-Jul-90 200.0 m/L 202.0O0 mg/L 101.00

25-Jut-90 50.0 mN/L 48.200 m,/L 96.40

26-ju-t90 200.0 mg/L 202.000 mg/L 101.00
26-jul-90 5.000 mg/L 5.18 mg/L 103.60

26-Jul-90 5.000 mg/I 5.210 mg/L 104.20

26-JuL-90 50.0 mg/L 47.000 mg/L 94.00

26-Jul-90 50.0 mg/I 49.200 Wg/k 98.40

09-Oct-90 50.0 vg/L 49.500 xg/L %..00

09-OCt-90 200.0 mg/L 192.000 n./L 96.00

09-0ct-90 50.0 mg/L 50.200 mg/L 100.40

Type of Control Sarle: Laboratory Control Sarpte.

24-JuL-90 15700.0 ri/grg 16M00.000 mm/Kg 107.6.4

26-Jul-90 10.0 mg/L 10.200 rq/L 102.00

lun::er of Sawmies - 79 Mean % Reco-tr-y * 101.0 CV (M) * 3.4

Method: ICP Metals by SW6010
Matrix: Solid

Anatyte: Lead

Type of Control Samlte: CaLibration Control Sam,(.

21-May-OC 5.000 mg/L 5.160 mg/L 103.20

21-Mev-90 5.000 WO/L 5.150 mg/L 103.00

23-May-90 5.000 %I.'L 5.070 mg/L 101.40

23-Ma,-90 5.000 m/IL '-.W.0 mg/I 109.20

28-May-90 5.O00 X/I 5.150 mg/L 103.00

28-May-90 5.03O mg/I 4.900 Rg/L 98.00

29-May-90 5.000 mg/L 4.620 m,/I 92.40

29-My-90 5.000 mg/L 4.750 mg/t 95.00

29-Mo"-90 5.000 mg/L 4.730 mg/L 94.60

29-Ma0-90 5.000 mg/L 4.20 g/L 96.40

29-May-90 5.000 mg/L 4.860 mg/L 97.20

29-May-90 5.000 mg/I 4.890 Rg/I 97.80

29-May-90 5.000 mg/I 4.760 mg,1. 953.20
................................ ............................. ........................ .. . ............ I

(Continued)

F4 3j

7 "ý----- 77



Table F4 (Con~tinued)

True Ot Measured%

Date Value Flag Vaiu@ Rcovery'

Method' ICP Xetals by S"10l
Matrix: Solid
AAnaytO: Ioed

Type of ControL s&-afpw: Catibration Cntr~ot SadVl. contitrs-ud

31-May-90 5.000 mg/I 5.110 ryg/I 102.20

3l-may-0 5.000 miqL 5.060 wig/I 101.20

01¶-Jun 90 5.000 m0/I 5.100 mg/I 102.00

01 - un90 5.000 mg/I 5.070 mgq/I 101 40

Ol-Jun-90 5.000 mg/L 5.120 mg/L 102.40

02-Juna-90 5.000 mg/L 4.960 mg/I 99.20

02-junv90 5.000 mg/L 4.940 mng/I 98.80
02-Juri-90 5.000 mg/I 4.990 mg/I 99.&0

0-u905.000 mg/I 5.120 fmgI 102.40

03-Jun-90 500r/ .6 qL 112

03- Ju,-90 5.000 mg/I 5.030 mg/I 100.60

03 -jun90 5.000 mg/I 5.050 fm/I 101.00

14-Jun,90 5.000 mg/I 5.050 mg/I 101.00

14-Jtuv-90 5.0m0 mg/I 4,900 mg/I 98.00

17-ju.v-90 5.0UO mg/I 5.060 mg/I 101.20

17-jml90 5.000 mg/I 4.910 vq/I. 98.20

19 jum90 5.00W mg/I. 5.100 mg/I 102.00

19- Jun-90 5.000 xv/I 5.06 mg/I 101.20

19-Jun¶90 5.000 mg/IL 5.170 mg/I 103.40

19- Jur-90 5.000 mg/I 5.130 mgq/I 102.60
19-Jtrn-90 5.000 mg/I 5.110 mg4/I 102.20

19- Ju,-
9 0 5.000 mg/I 5.150 wq/I 103.00

20- jun90 5.000 mg/I 5.120 mtg/I. 102.40

20-jufl-90 5.000 mg/I 5.110 mg/I 102.20

21-Ju,-90 5.000 mg/I 5.160 mg/I. 103.20

21-jun-
9
0 5.000 mg/I 5.170 mg/I. 103.40

25-Junr-90 5.000 ffQ/I 5.210 mg/IL 104.20

25-Jun-90 5.000 g/IL 5.W6 mg/I. 107.20

11-Mu-90 5.000 mg/I 5.130 mig/I 102.60

11-JuL-90 5.000 mg/I 5.150 mg/I. 103.00
12-Jul-

90 5.000 mg/I 5.030 mgI. 100.610

12-Jul.90 5.000 *q/I. 5.130 mg/I. 102.60

12 -ju I- w 5 .00C0 mg/I 5.110 mg/I. 102.20

12. Jjut-90 5.000 mg/i. 5.120 Mg/I 102.40
1 2-Jut-00 5.000 R% I 5.220 mg/I. 104.40

12-JuL-90 5.000 mg/I 5.500 mg/I. 110.00

12-Jul -90 5.000 mg/I 5.430 mg/I 108.60

12-Jul-90 5.000 mg/I 5.490 -mg/ 109.80

(Conitinued)
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Table F4 (Continued)

TrueOt measue~d %

Date Value Nlag Vatue Recovery

Milthcd: ICP PMetshi by SIJ6O1O

mIatrix: Solid

Andiyte: Lead

Type of Control SAMle: Cal ibration Control sa'vje. conti7-Lxed

13-Ju-90 5.000 OVAL 5230 RQIL 104.60

13-Jul-90 5.000 rrqlL 5.110 sq/I. 102.20
17-Jul-90 5.000 mg/I. 5.170 .Tq/L 103J.0

17-Jul-90 5.000 mg/II 5.270 e*/I. 105.40

1-u-05.000 mg/I. 5.190 mj/I. 103.90
17-Jul-90 5.000 mg/I. 5.130 ag/I. 102.60
24-Jul-90 500e/.5.200 eq/I. 101..00

24-Jul-90 10.0 mg/I. 10. 100 mgIL 101.00

2.Jl905.000 fli/l. 4.S890 eq/I. 97.80

2-u905.000 ieq/L 5.010 mg/I. 100.20

25-JuL-90
25-Jul.-90 10.0 mg~/I. 10.100 RV/I 101.00

2Ju905.000 eq/I. 4.8WO eq/I. 97.60
25-JuL-90 5.000 eqiI. 5.020 mq/I. 10.'.0

25-JuL-')O 5.000 mg/I. 5.170 mg/I. 103.40

25-Jul-90 5.000 Ng/I. 5.110 mg/I. 102.20

26-Jul-90 10.0 mg/I. 10.100 mg/I. 101.00

26 Jl-05.000 mg/I. 5.27 fq/I. 10.1.0

26-Jul-90 5.000 mg/I.510mgL 134
2 6 -J u t -9 0 5 .0 00 m g/I .5 2 LnJ I 1 0 5 . 60

2 7- Au tg -9 5 .0 0 0 m g / I. 5 .1 70 m g / . 9 73 .4 0

27-Aug-90 5.000 NQ/I. 4.210 NVI 985.20 1
27-Aug-90 10.00 rq/I. 9-980 Ng/I. 99.60

2 7 -A u g -9 0 5 .0 0 0 m q/ I . 4 .9 70 m g / I. 9 5. 2 0

08'ct-010.0 rq/l. 9.930 AV/I 99.50
08-Oct-90 5.000 ng/I. 5.260 g/I. 105.20

08-Oct-90 5.000 eg/I. 5.110 eq/i. 102.20

08-Oct-90 5.000 RM/I. 5.370 rq/I. 107.40

TYPe Of Control Swvi~e: Latorstory Cc4~trto Sa'vle.

24-Jul-90 117.0 mqltg 107.000 rq/tg 91.45

26-Jul-90 1.000 q/I. 0.98 Wg/I. 98.00

Mu1mer of Swcies 82 Poean X Reco..ery . 101.5 CV MZ 3.5

...................... .................. ........................ ............... ...a....

(Contirued)
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Table A4 (Continued)
...................t~l ........... ......... ................

OcaTrue measured
DaeVatue vatuet Recovery 4

Met1~od* ICP Metal.s ty S¶.~.,01
Matrix: SoLid

Arwtyte: NiCkeL 1
Type of Controt S~mt*: Cal ibrstictn Coetrot S&avte.

21 -My9 5.000 /L5.070 RVA~ 101.40 f
21-May-90 5.000 m,'i. 5.100 Yq/L 1021.00
23- May-9-0 5.000 mqp. S. 160 mV/LI 103.20
23-May-90 S.CC0 mg/L 5.520 ftV/L 110.40
28-May-90 5.000 mql. 4. 99G xfq/L. 99.30
28- May- 911 5.000 IIVqIL 5.050 ng/L 101.00

2mag 5.000 IvwIL 4.750 rrn/L 95.00
29-May-90 5.000 rrxj/L 4.7CC mv/L 94.00
29-may-90 5.000 TxJIL 4.780 WEJ/L 95.60
29-may-90 5.000 mg/L 4,580 mq/L 91.60
29-May-90 5.000 mg/L 4.700 ffn/L 94.00
29-May-9-0 5.000 ff'2L 4.700 mV/L 94.00
29-May-90 5.010 ffg/L 1.8.40 M/LI 96.80
31-may.90 5.000 mg/ 5.040 iNI. 100.8w
31-May-90 5.000 1ejlL 5.0~ WO m/L 101.60
01- Jun-90 5.000 rIVA 5.070 ffq/L 161.40

01-Jum-90 3.000 mg/L 5.090 rrf,1. 101.80
0-Jr-05.000 mg/L 5.050 ffq/L 101.00
0-r-05.000 mgii. 5.120 TR/L 102.4c

02- u-9 5.000 'gIL 5.150 mq/L 103.00
02-ju-,-90

02Jj-05.000 rqIL S.0.80 NAk 101.60
5.000 ngIL 4.9r.0 Rq/L 99.610

03-ju,-90 5.000 N/jL 5.0.40 on/L 100.80
US ' ~ ~5.000 RvgJL 5.240 r-./L 104.80

03-Jiun-90 s.000 mg/ 5.250 m9/ ios.co
03-jun-90 5.000 r,,vj 5.220 mrqIL 104~.40
14- Jtr-90 5.000 t'qIL 4.880 ff/L 97,60
14- 4i,- 90 5.000 ff/ 5.010 rm/L 100.20
17-JLui-90 5.000 mg/L 4.920 Nx/L 98.40O
17-.jun-90 5.000 Rtq/L 5.010 N9/L 100.20
19- Jtsi-90 5000O mg/L 5.150 rq/L 103.C0
19-jiui-90 5.000 ,Rw/L 5.130 Tql4 102.60
19-Jun-90 5.000 nn/L 5.040 PN/L 100.80
1
9
-ju'- go 5.000 ffqlt 5.110 mqlL 102.20

19- Jun~- go 5.000 ff/L 5.000 Nx/L I Co. C
20-jui-90 5.000 ffq/L 5.110 m',qL 102.20

20-Jj~n-go 5.000 mg/L 5.090 N/~L 101.80

...Z.Sl..... ............. ...........................................

(Continued)
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Table F4 (Continued)

True bet Measured
bat. value Flag Value

Mothod: ILP wetls by SW6O01O
Miatrix: solIid

Analyte: Mickte

Type of Concrot Salve: Calibratici Contr'ol Swole. cotyitfe~

2- u-05.00 ng/L 5.010 f L II.'
2-u905.000 mg/I 5."1 *r- LI 1

25-Jiun-90 5.000 mg/L 5.22C L~
12-Jut-90 5.000 mg/I 5.00~

12-Jul-90 5.0i3 mq/I 5.1.10 mgI4.
12-Jul-90 5.000 mg/L 5.410 mg/L

12- Jul-90 5.000 RV./L 5.4"0 mg/I L8
12-Jul-90 5.000 Ir.;/ L 5.0.0 mg/I 110.30

12-Jut-90 5.000 mg/I 5.4.00 me/L 108.00
12-Jul-90 5.000 mgv/I 5.120 mq/I 102.40
17-Jul-90 5.000 mg/I. 4.910 mgA 98.20
17-Jul.90 5.000 mg/I 5.070 mg/I 101.40
17-Jul-90 5.000 mg/I 5.=4 mg/I 100.80
17-Jul-90 5.00C mgq/I 5.120 rg/I 102.4.0
24-Jul-90 5.000 mg/I 5.200 mg/I IcJ..00
21.-Jul -"0 5.00O mg/I 5.200 mg/I 104.00

24-Jul-90 5.000 mg/I 4.930 m g/I 98.60f
24-ul905.000 mg/I 4.980 mg/L 996

24-Jul -90 10.0 mg/I 10.100 mg/L 101.00
25-Jul-90 10.0 mg/I 10.100 mg/I 101.00
23-Jul-90 5.000 mg/L 4.M9 mg/I 99.80
25-Jul-90 5.000 mg/I 4.850 mg/I 96.60
25-Jul-90 5.0CC mg/I 5.080 mg/I 101.60
25 -J u t- j 5.000 mg/I 5.130 mg/I 102.60

26-Jul9 S .000 mg/I 4.970 mg/I 99.1.0
26-Jul-90 10.0 mg/I 10.100 mg/I 101.00
26- Jul-90 5. 000 mg/I 5.120 mgq/L 102.4.0
26-Jul-90 5.000 mg/L 5.170 mg/I 103.1.0
26-Jul-90 5.000 mg/I 5.180 mg/I 103.60
08-Oct -942 5.000 mg/I 5.350 mg/I 107.00

08-Oct -90 5.000 mg/I 5.0OW mg/I 101.60
08-Oct-90 5.000 mg/I 5.180 mg/I 103.b.0
08-Oct-90 10.0 mg/I 9S.0 mg9/I 99.1.0

....................... ........... ... ..................................

(Cont ir-xaed)
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Table F4 (Continued)

................ ....... .............. ...... .... ....

Tru. Oct Measured %

Dot* Value Flar. Value RtCOYefy

Method: ICP Metais by SW.f10

Matrix, Sokld

An&Lyte: Nicket

Type of Cont.aol SAi'vle: Laboratory Con+trol S&-lte. contirwjed

Type of Contrut SaMte: Laboratory ControL SwrCte.

24-JuL-
9
0 225.0 rq/K; 154.000 ffq/Kg 31.78

26-Jut-5w 1.000 N/L 1.000 rf/L 100.00

rll. MuTrer of 3aves = 74 Mean X Recovery * 101.0 CV (7.) = 4.1

Method: lOP metals by _N6010
Matrix: Solid

Anatyte: Sliver

Typ? of Control Sale: Calibration Contro( Swvle.

27-Aug-90 5.000 q/IL 4.58 m/,L 97.60

27-Aug-90 10.0 w/L 9.390 a/L 98.90

27-Aug.9 5.0C0 O'g/L 4.520 twvg/L 96.40
27-Aug-90 5.000 wq/. 4.860 Ij/L 97.Z0

NMurer of Swretes = 4 Mean , Recovery A 97.5 CV (7) l.1

mf~............. -. .......... .........................~t2%.t ... .... tsr .St±......................

Method: ICP Metal( by SU.£6010

Matrix: TREATED

AnaLyte: Sariue

Type of Control SamLe: Calibration Control Swo'le.

04.-Sev-90 5.000 mg/L 5.050 mreL/. 101.00

4O.-F.M- 90 5.000 PL 5.040 eIL 100.80

04-Sev-50 10.0 eV/L 9.Y40 e1/L. 99.40

0 4-Seo-90 5.000 frq/L 4.890 eM/L 97.50

03-Oct-90 10.0 rN/L 9.S20 Mg/ 1 98.20

03-oct-90 5.000 m/IL 4.960 rqti 09.20

03-Oct-90 5000 ra/L 5.040 Mrg/t 100.80
03-Oct-90 5,CO0 ?f/L 5.030 mq/1 100.60

.... ........................................... ............................................................

(Continued)

F4 8

IL,



Table F4 (Continued)

Tre Oet measured
Date VaLue Flag Value Recovery

Method: ICP Metals by SW6010

Matrix: TREATED

Anatyte: BariuLys
Type of Control Swiete: Calibration Controk Saiv.. continued

03-Oct-90 5.000 rg/L 4.870 avIL 97.40

T,j* of Control Samle: La•oratoriy Control Samole.

03-Oct-90 1.000 mg/L 1.020 mg/L 102.00

Mtrrer of Samoles 1 10 Mcan l% Recovery a 99.7 CV (I) M 1.6

"Mtthorit ICP Metals by Sw6-01O

Matrix: 7REATED

At'atyta: Cldiium

Tyrt of Control Sufloke: Ca&ibration Control SwaoLe.

rO-Sep-90 5.000 99/I. 4.9g0 an/L e9.60
Oh-Sepo-90 10.0 mg/L 9.950 mg/L. 99.50
Oh- Se01-90 5.000 On/L 4.850 mg/il 97.00
04-Sep-90 5.-t3 mg/L . 860 mg/l. 97.20
03-Oct-90 5.000 DO /L. 4.650 rq/l 93.CO
03-•ct-90 5.000 mg/L ,4.610 mg/i 92.20
03-Oct-90 10.0 mg/L 9.830 mg/l 98.30
03-Oct-90 5.000 Nj/ L 4.580 mq/t 91.60
03-Oct-90 5.000 rm/I. 4.61U mg/I 92.20

Type of Control Same*: Laborator-y Control Samote.

03-•ct-90 1.0C O ;m/i. 1.020 In/I 102.00

mumoer of Snv(,!S 10 Mean % Recover-y 9• 9.3 CV (M) * 3.9

....................................................................... ....................................

(Co't i nued)
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TabLe F4 (Contiri-*d)

true Det measured

Date 
vatiA F t 0 VOLLA Reco'very

Method: ICP Meatas by SW610
matrix: TREATED

Ar~a(YlS Chr1tnL'

Type of C~ntret Sa'OtIe: C1ibration Ccrntrok Sam'i2e.

0.- Sec-90 5.000 wn.'L 5.080 rrq/L. 101.60

0.- seo-90 10.0 ffq/L 9.950 flv/L 99.50

%W-Sev-
9 0  5.000 mqlL 1..970 mn/L 99.40

1e9010.0 !Tq/I 10.000 mg/L. 100.00

199e0-
90 5.000 rwn/L5.0 lL 116

19-Se-P-90 5.000 ffq/L 5.060 nv/L 101.20

19- Se0- 903 10.0 1T19/L 10.000 ffg/L 100.00

19-Sea-903 5.000 NrIL 5.110 ffq/L 102.20

19s-, 5.000 mg/L 5.2C0 mgIL 10.4.00

19-e-1 
5.000 Rw/L 5.330 mgIL 106.60

19 Sev-90 5.000 Nn/L 4.970 x'v/L 99.40

19-Sto-90 
5.000 "q/ 5.070 t-gIL 101.40

19- SrcO90 5.000 WfQL 5.030 mgIL 100.60

Z6S-05.000 w4/L 5.190 KqIL 103.80

26- StD-Qg 5.000 NoIi. 5.170 mo/L 103.40

26-Sev-
90  5.000 OWIL 5.09 wq/L 101.80

2- 10.0 w411. 10.200 mg/L 102.C0
26-Sev- 90 5.000 RVa/L 510rjL 128

2St905.000 nqiL 5.160 wq/L 103.20

26-Sem-9 10.0 eaV/L 9.920 tnqIt 99.20

03-Oct-90 SD W . qt 113

0-c905.000 ffq/t 5.a80 ff/ 101.60

05-Sev90 S.000 wq/L 4.W 940e.I 97.20

03-Oc.? 90 10.0 e.q/L 10.000 rq/t 1010.00

03 Oct-90 5.000 -9./L 3.070 -./L 100.00

03-oct-
90  10.00 ng/L. 9.970 Nq/L 99.40

................. ......................................... ................
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Tabte F4 (Continued)

True oat %eu,.rec x
Oate VALUe Ftla '.tue Recovery

Method: ZCP Metats by SW610
Matrix: TREATED

Anayte.: Chromium
Typs of Controa Sa•tpe: Calibration Control S•mvt. co(tir,.d

03-Oct-90 5.000 w4I/L 4.950 rej/L 99.00
03-Oct-90 5.000 moiL 4.940 mg/l 98.30
04-Oct-90 5.000 mg/L 5.010 mgjL 100.20

5.-oct-0 5.000 R%'/L 5.020 rq/L 100.40
04-Oct-90 5.000 mg/L 4.950 m/IL 99.00
04-Oct-90 10.0 mg/L 9.960 wq/L 99.60
04-Oct-90 1.000 r/IL 1.010 rmg/L 101.00

Typ, of Ccntrol Samvle: Laborator-y Control S.'?vLe.

19-Seo-90 0.200 OVA 0.194 wq/L 97.00
26-Seo-90 1.000 mg/L 0.940 mg/L 94.00
26-Seo-90 67.0 mg/Ig 63.500 qg/Kg 94.78

28-Seo-90 1.000 RWL 0.856 mg/t 85.60
28 - S p- 90 67.0 mgIKg 57.000 P;/kv 85.07
03-oct-90 67.0 mg/L 67.100 wq1IL 100.15

S03-oct-90 1.000 m,'L 1.030 vqIL 103.00

W:SeIu r of Samites 52 M e Rkecovery 9 9.7 CV (M) * 3.3

M~ethod: IC'P Merits by SW,10

IMatr ix: TýEA•TZD

Anatyte: -.'rortu% VI

Typ, of Control Sarmote: Catibrstion Controa Sam(*.

26-Seo-90 10.0 vq/L 10.200 Nq/L 102.00

, t t oer of Saies 2 1 vm X. R-overy 102.0 CV (Z)

...........................................................

(Ccni tInui-d)
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Tabte F4 (Continucd)

True Dot m~easured%

Date value Flag VaL we Recovery

f Mwtftd: ICP Metals by sw6aO0
matrix: TREATED

AAnaylte Iren

Type of ControL Sa&cLa: Calibration Control S&-ote.

04- sec-90 50.0 mii. 49.200 mv/L 98.40
0-e9050.0 i11/L 48.6C0 fli/L 97.20

04 - SC e--9 200.0 rN/L 195.000 rmq/L 97.50
04 smV .3 50.0 mg/L 48.100 mg/L 96.20
19-Seo-90 $0.0 rg/L 50.200 ff4/i 100.40
19- 5eo-9 I ¶O. e/i 50.000 iqIL 100.00
19-S ep-90 50.0 eq/i. 49.800 rn9IL 99.60

19 Sep99 200.0 rq/L 199.000 mq!L 99.50

IL 2-SeO-90 190 q/ 9.000 14/L 99.50
19-Sev-90 5. gL4.9.900 Nq/i. 99.60
20-sta-90 50.0 eq/i. 50.200 q/i. 100.40
20-Sero-90 200.0 N/ii /09.900 e/i 102.00
20-seo-9'3 50.0 eq/IL 590300 RV/i. 9100.6
20-Seo-90 500.0 rq/i. 199.200 mn/i. 99.50
20-Sec-90 50.0 eq/i. 49.400J rq/i 99.60
2 0- Sev" 50.0 wq/. 50.2.00 mg/i. 100...0
26-Seo-90 50C.0 ffq/i. 20.9.60 eq/. 99.200
2S-Sep-90 50.0 m/i. 50.3.00 eq / 9510.60
26-Sev--90 200.0 q/i. 49200.C eqg/t 10.0
28- Sec,-90500e/.430ri 9.6

2-e-050.0 wV/i. 49.400 irq/L 98.50

01-Oct-90 50.0 Vq/i. 49.900 xvii 97.40ý
0-c-050.0 mg/i. 4.9400 Fq/I 99.80

01-SOc-90 50.0 nV/i 47.600 eq/( 95.40

03-Oect-90 50.0 eq,'i 48.900 e-q/(i 97.60
03-sOc-90 50.0 19/1. 47.500 efqi/ 97.600
031-Oct-90 200.0 Aeq/. L019.000 eqN./ k C.S0
03-Oct.90 50.0 eqii. 49.60 N/tJ/ 97.40
013ort-90 50.0 eq/i. 40.400 fq/L 10.00

03-Oct-0 200.0 q/I. 1895.00 eq/l. 97.50
03-Oct-90 50.0 OQ/i. /Z.600 "p/. 98.00

......................................... ................... ......... ........... ................... *

F5 2



Table F4 (Continued)

True Det measured %

Date Value Flag Value Recover'y

Mjthod: ICP Metsto t-j S6",C10

PMatriX: TREATED

Aneyte: Iron

Type of ContrAi SDae: Calibrstion Comtrot S&adie. comtim~ed

03-Oct-90 50.0 wr/L A9.100 mg/L 98.20
03-oct-90 50.0 wq/L 50.100 IQ/( 100.20
03-oct,90 200.0 mg/L 198.000 M/g/L 99.00

03-0,.t-90 50.0 P'q/L 49.600 mgq/t 99.20
04-Oct-90 200.0 am/L 198.000 WtL 99.00

04-Oct-90 50.0 NV/L 49.600 N./L 99.20
N. -Oct90 50.0 mg/L 53.500 m/IL 107.00
04-Oct-90 50.0 qI / L 49.100 nVI/L 98.20

Type of Control Samte: Laboratory Con~trol Swwte.

26-Sep-00 10.0 mg/L 9.560 wrql. 95.64
26-Seo-90 15700.0 m 150.CC00 e,"/ig 98.73
28-S-o-90 15700.0 ffgq 14.UC0.000 e/kq 94.27
28-Seo-90 10.0 mg/L 8.550 ffq/t 85.50
03-0ct-90 15700.0 rq/L 11900.000 m/L 73.80
03-Oct-90 10.0 mVqL 10.100 Nv/L 101.00

Wumar of Swtes .$51 m e Recovery * 97.9 CV (M) 4.3

Method: ICP Metals by SW6,010

Matrix: TREATED

Analyte: Loed

Typo of Control Swaot.: Caji6r•tio Control S~to.

04-Seg-90 ,.CO0 .?q/L .4.950 m/qL 99.00
04-Sec-90 5.000 eq/L 4.920 mq/L 98.40
04-Seo-90 5.000 q/L 5.090 Mm/L 101.,0
04-Sem-90 10.0 rq /L 9.9W0 II/L 99.90
19-5ec-90 5.000 -4,tL 5.4.30 W /L 109.60
19-Sep-90 10.0 wq/t. 9.990 "V/L 99.90
19-seo-90 S.CCO IV/L 5.410 N/L 10M.20
19- e- -90 5.000 -/L 5.490 m/L 109.80
1
9-Seo-90 5.000 "q/L 5.310 !q/L 106.20

19-.Ve- 90 5.0o0 eV/L 5.490 mV/L 109.80
19-Seo-90 5.000 mq/". 5. 343 m'q/L 10?.Z0

.............. .... ...... ..................................................................
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Tsbte F4~ (Con~ti-wed;

............. 
... ...... .. .. .............

True Dot ImeasUred%

rIaevalue 
flag vat%*uec~

iM.ttod.: ICP Metals tl S'6010

mat:iX:- TREATED

Anal~yte* Lew~

Type of Control SaI.O! Cal ibrationt Ccntrot S&1rmi. contir&.*d

b e-05.000 xq/k 5.3W0 mg/k 107.60

195 ec 9 /L0 0 gt 9. M9 mg/k W0.90

19 vc90 10.0 mg/K 1 .10 ffq/K 9 101.00

26-se a9 0 JQ.0 0 mg/K g 10.4 0 / 109.00

2-e-05.000 mg/L 5.290 mg/k 105.80

26-sel-90 5.000 mg/L 5.4"0 mg/k 108.80

26- set-910 5.000 mg/k 5.46W mg/k 109.20

28-Seo-90 5.000 mg/L 5.100 mg/I. 102.00

25-Sev-90 5.000 mgq/I. 5.310 ffq/t 106.20

25 e-05.000 mg/k. 4.990 mgq/I 99.80

01-Oct-
9 0 5.0 gk480m/. 94.80

01-Oct-90 5.000 mg/k 41.740 mg/t. 98

0-t-05.000 Wt/. 6.120 mg/I. 96.40

01-Oct-90 
10.0 mg/k ¶0.100 mg/I. 101.00

03-Oct-90 
5.000 mg/I 4.720 mg/k 94..0

03- Oct-
9 0 S.OC0 r'/L 4.650 mg/k. 93.00

0-c-05.000 em/k 4.770 mgq/k 95.40

03-Oct-90 10. mog/k 9 .930 mq/I. 993

03-Oct-90 
5.000 mg/k 4.7'= mg/k 95.60

03Ot9 .000 mg/k 4.750 mg/k 95.00

03-Oct-90 
5.000 mg/k. 4.710 mg/k 94.20

03-Oct-9,0 
10.0 mg/. 10.000 mg/k 100.00

0-t905.000 mg/L 4.720 mg/I. 94.40

03-Oct-90 
10.0 mg/k 9.75noin/g/t 97.30

03 -Oct- 90 5.000 %2/kL.7 m/. ¶34

03-Oct-90 5.000 mg/k 5.0OW mg/It 101.60

03-Oct-90 3.000 mg/k .5 g/. 130

04-Oct-90 
10.0 mg/k 989M mg/k 9t.90

0'.-Ocýt-90 
5.000 mg/k 5.3.40 mg/k C06.5&0

OhOt 9 .000 mg/k 5.490 Tq/L 109.80

04-Oct-90 
5.000 m-g/k 5.200 mgq/k 10.00

Type of Ccintl.. Sa-vle: Laboratory Control. Samok.e.

26- Sec-90 1.000 mg/k 0.9"8 m~g/k 90.80

26-Seo-
90  117.0 mg/Kq 116.000 mg/KQ 99.15

1.000 mQ/k 0.873 mg/I. 87.30

23-Sec-QO 
117.0 mvg/K; 108.000 mg/Iq 92.31

.......lfStg1 x..... ........................... 
............... 

... s.t.....ltt...

(continued)
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Table F4 (Continued)

T -to Ct measured%
Date Value Ptag Vattie aecever

me~thod: 1CP Xetats by SW~6010
matrix: TREATED
Analyte: Lebd
TYPe Of C~inTrOt S-,t LL&6ratory Con~trol Samte~. corntin,,ed

0-t90117.0 eq/I. 123.000O mgiL 105.13
03 Oct-90 1.000 xv/I. 1.050 mIqL 105.00
03-cct-90 0.500 mg/I. 0.477 mg/I 95.40

k~unoer of Sa~tes 49 M~ean % Recovery 101.0 CY MZ 5.7

M*0d IP Metals by S66010
Matrix: TREATED

Armatyte* Alichel

Type Of COnr~tro Suavk: CAlibratimt Control SwL*

04 S*0O90 5.000 Eq/I. 4.930 usg/L 98.60
04- sec-90 5.00C0 VqVir. 5.040 mg/L 100.80
04 -S epy- 9 10.0 mg/I. 10.100 mg/L 100.00n
04-Sev-90 3.000 mq/I. 4.950 Ing/I 99.00
19-S.V-90 5.000 sq/I. 5.270 sq/i 105.10
19- Sec-90 10.0 mg/I. 10M.00 me/L 100.00
19- sec-q0 3.0`00 rq/L 5.350 mg/I. 107.CO
19- Sea- 90 5.00 mg/I. 5.330 mq/i 106.60)
19.ýeeo90 .3.00 mg/L. 5.030 mg/i. 108.60
19- Sep-90 5.000 eq/i 5.430 ag/i 1CS.60
19- Seo-90 10.0 NV/I. 10.000 mg/i 100.00
195po.-90 5.000 rrq/L 5.330 r/IL 107.60
19- scv".90 5.0O00 9/1. 5.350 Eq/I. 107.00
26-sto-90 5.-000 *V/I. 5.4-40 Eq/I 108.80
26-Sep-90 5.000 sm/I. 5.410 mq/i 108.20
26-sea- 90 5.000 Po~ll 5.430 Eq/I 108.60
26-Seo,-90 10.0 ma;/I 10.200 mg/i. 102.00
26-Sec-90 '.00W mg/i 5.340 mg/i 106.80
26-seg-90 5.000 eqgI. 5.4W6 mg/I. 109.20
28 - s"~-90 5.000OO 9;. 4.87D sq/I 97.1.0
28 - S e,>-90 10.0 mg/I. 9.9?0 mq/I 99.50
28-Seo-90 3.000 mg/I 5.170 mq/I 103.'-0
25- Sev-90 5.C00 -9/I. 5.150 eq/I 103.00
01-Oct-90 10.0 eq/I. 9.760 eq/I 97.60
01-oct-90 S.00 e/I 4.730 eq/I 95.00
................................. .............. ........................... ......

(Con t ir*ed)
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Table A4 (Continued)

Tre 0et measurel %

Oate Value Flag Value Recovery

Method: ICP M4etals by S-64010

Matrix: TREATED
AnaLyte: Nick*e

Type of Control Salvie: Calibration Control SamwL.. c•tir'*ed

01-Oct-90 5.000 W mIL 4.700 ov/l 94.00

01-0ct-90 5.000 eN/. 4.740 mo/l 94.80

03-Oct-90 5.000 mg/L 4.830 mq/L 96.60

03-oct-90 5.000 mq/L 1.810 mg/L 96.20

03-oct-90 10.0 mg/1. 9.890 mq/A 98.90

03-Oct-90 5.000 eq/L 4.860 mIqL 97.20

03-Octt-90 5.000 Pg/L 4.850 mg/L 97.00

03-•ct-90 5.000 emq,/ 4.800 eq/L 96.00

03-Oct-90 5.000 rq/ L 4.760 q/I/L 95.20

03-oct-90 10.0 V/I 10.000 mn/L 100.00

04-0t-90 5.000 eq/L 5.460 eWt.I 109.20

04-0ct-90 5.000 ffq/L 5.270 nq//L 105.40

04-Oct-90 5.000 eq/L 5.200 eq/I 104,.00

04-Oct-90 10.0 eqiL 9.830 mg/L 98.30

Typo ot Control Se.•le: Llaboratory Control Sanlt.

26- teo-90 1.000 q/L. 0.927 mg/L 92.70

26-Sep- 90 2Z5.0 qI?/K 194.000 ne/Kg 86.22
28-S*V-9C 1..000 eq/L 0.850 ,fq/L 85.00

28-seo-90 225.0 "w/kg 170.000 -/kg 75.56
01-Oct-90 0.500 eq/L 0.4S7 mq/t 97.56

03-oct-90 225.0 q/I. 216.000 V/I. 96.00

03-Oct-90 1.000 eq/L 1.020 eq//L 102.00

Nui-e of Srvtaei 6 mean Z Recovery - 100.1 CV (M) * 6.9

(Continued)
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Table F4 (Continued)

True Oat Measured %

Date Value Flag Vatue RecovPry

Z tIhod: I CP Metals by S1t10

Matrix: TREATED

Arjtyte: SiLver

Type of Control Sam'le: Calibration Control S&tVe.

0'-Sep-90 10.0 rQ/L 9.950 me/L 99.50

04-SeOP-9 5.000 m/LL 5.000 mg/L 100.00

04-$eo-90 5.000 Rv/L 5.110 m9/L 102.20

0,-Seo-90 5.000 mg/L 4.910 mg/L "5.20

03-Oct-90 5.000 aQ/L 4..20 nr/1 96.40

03-Oct-90 5.000 VtL 4..40 mgi/t 96.50

03-Oct-90 10.0 wq/L 9.790 aw/t 97.90

03-Oct-90 5.000 rq/L 4.740 rq/t 94.80

03-Oct-90 5.000 nq/L 4.740 wr/t 9'.80

Type of Control Szmlie: taboratory Control $aMla.

03-Oct-90 1.000 fq/t 0.997 wv/L 99.70

NuMo1r of ShImteus - 10 *,on X Recnvwry - 95.0 CV (M) * 2.4

mtlllt~lll . ..... ......... ..... .lt .it .~tl .....tll lttt.t . ................... . ..t. .t............

Method: pH by S1W9045
Matrix: TREATED
Anrtyle: pit

Type of Control Sa•ptt: C21ibestion Control Sam*e.

19-SOP-
00 7.000 pm units 7.099 O4 units 101.41

19-SOP-90 7.000 PHL umits 7.093 pm Limits 101.33

19-S#0-90 7.000 pm units 7.003 pH4 units 100.04

wNugmer of Saites - 3 mean X Recovery - 100.9 CV (M) - .0

.. . ..... t...... .................... • ............................................. I...
............... ...... ................................................
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Table F4 (Continued)

true Det measured•%

Oate 
Vatue Fag Value Recovery

method- SelenkLU by AA (E270-2)
matrix: Solid
Arnjtye: Setenitp

Type of Control ShTvLe: Catiýraxtion Control Sgatr.

Z7-Aug-90 
0.050 mO/L 0.04 rWlt 96.00

2T-Aug-90 0.050 mg/L O.OSO IL 100.00

05-Seo-90 0.050 vV/L 0.0,47 mg/L 94.00

0-Sev-90 
0.050 rq/L 0.047 n,/1. 94.00

05-Sp-90 0.050 wj/L 0.050 xV/L 100.00

Musr of Savvtes 0 5 Mean %. Recovefy - , C. (7) ,

method: Sletnius by AA (E270.2)

matrix: T;iEATED

Armlyte" Seteniue

Type of Cotrol Sate: C-ilibration Control Samte.

05-sti,-90 0.050 "VJ 0.047 WIJL 94.00

05-Sep-90 0.050 g/L 0.047 xf/L 94.00

05-Seir-9 0.00 .gIL 0.050 ••/L 100.00

16-"c¢-90 0.050 ffq/L 0.047 rIL 94.20

16-0c--90 0.050 mg/L 0.051 ,rq/L 101.40

Ty;* of ContrOt Sarpi(: Lacoratory Control SWIOLe.

16-0ft-90 0.050 qv/L 0.0.;2 aq/t, 83.60

NurTer of Swe1s - 6 ean % Recovey - 4..5 CV () 6.6

(Cont inued)
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Table F4 (Continued)

.............nsf.eunss .~t...................r.....m......... ...... ...........

True Oet Measured %

Date Value Flag Value Recovery

Method: C.hrom VI by SW716
matrilx: Solid

Analyte: Chromium VI

Type of Control Sb¶vtc: CaL ibratlcn Control Samvie.

06-Jut-90 0.500 mg/L 0..90 ml/l. 98.00

22-Jut-90 0.300 ffg/L 0.300 m/il 100.00

26oJul-90 0.4,00 mgq/L 0.390 mg/L 97.50

26-Jul-90 0.400 mViA 0.400 milL 100.00

Type of Control Samte: Laboratory Control Sante.

15-May-90 0.300 mRil 0.322 mig/l 107.33

15-may-90 0.300 t%/L 0.312 m/il 106.67
15-may-90 0.300 mq/L 0.320 mg/L 106.67

16-May-90 0.8WO moI/L 0.7T6 mg/iL 98.25

16-may-90 0.800 Wil/ 0.793 m!/L 99.13

16-may-90 0.300 mi.l 0.287 mg/L 95.67

16-"ay-90 0.300 rig/i, O.z•9 m/il 96.n•16-May-90 0.300 mviL 0.289 m/il 96.33

16-May-90 0.300 xqiL 0.219 mit. 9%.33

16-Maey-90 0. 3-V Wt/. 0.278 rig/i 92.6716-may-90 0.30 mwq/L O.M•' ng/L 97'.33•

16-Pay-90 0.300 mg/L 0.2U, rg/L 91,.67

16-May-90 0.300 mq/L 0.300 mg/L 100.00

16-*ay-90 0.200 mwqll 0.200 mg/il 100.00

17-May-90 0.30O0 OWiL 0.299 mg/il 96.67

17-MOy-90 0.200 Pq/L 0.190 mg/l 95.00

17-may-90 0.300 mg/i. 0.290 m/il. 96.67

17-May-90 0.300 m /IL 0.301 mig/l 96.67

17-May-90 0.300 mw/i. 0.290 ni/l 96.67

17-May-90 0.300 mi. 0.290 ril/ 96.67

17-May-90 0.300 mi/. 0.290 mglL 96.A7

17-Mlay-90 0.300 AV/i 0.290 ri/i 96.67

18-MaY-90 0.300 Mq/. 0.296 In/L 9C.67

18-May-90 0.300 eq/L 0.292 m/il 97.33

18-May-90 0.300 wig/L 0.,2'Z m6/9 915.33

18-May-90 0.300 mg/iL 0.286 m/Il 95.33

11-May-90 0.300 ma/I. 0.2192 m/iL 97.33

18-May-90 0.300 mg/I. 0.294 m/iA. 98.00

Iumber of sriots * 31 Mean % RKco,* ry * 98.1 CV ( 3) .

. ............. ..... ...... ..................nt...... ......... ......

(Ccnt im,-d)
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Table F4 (Continued)

True Oet Measured %
Oate Vatiue Flag VaLue Recovery

Method: Chrome VI by SW771%
Matrix: Solid
Analyzt: Chricmiu VI
Type of Control S••ipLe: Laorator'y Control SaLe. contirned

Method: Chrww Vi by Sv7196
Matrix: TREATED
Anaiyte: ChemiLun VI

Type of Controt Saimle: Calibration Control SawoLe.

23-Aug-90 0.500 g/L. 0.511 mg/I 102.20
23-Aug-90 0.500 mg/L. 0.512 mg/L 102.40
23-Aug-90 0.500 OV/L 0.485 fmg/L 97.00
23-Aug-90 0.500 mg/L 0.41M ffqIL 99.60
10-Sep-90 0.500 rq/L 0.503 mgIL 100.60
10-Sec-90 0.500 Rvg/L 0.500 mv/I. 100.06
11-Sep-90 0.500 Rq/L 0.340 mg/I 105.00
11-Sep-90 0.300 mg/L O.a22O wO/L 102.50
11

-Seo-90 0.00 V/I. 0.800 mg/L 100.00
12-Seo-90 O.30O re/L 0.a33 mg//L 103.75
12-Sep-90 0.200 re/L 0.210 mg/l. 105.00
12-Sep-90 0.800 N/•L 0.810 mg/I 101.2512-Sep-90 0.00 mg/L 0.340 mq/L 105.00
13-Sep-90 0.500 mg/I 0,519 mg/•I. 103.30
13-Seo-90 0.500 Qmg/I 0.520 mg/L 104.00
13-Seo-90 0.500 Mg/L 0.523 mg/L 104.60
19-Se.-90 0.500 mg/L 0.495 mg/I 99,00
19-Se•-•' 0.50 mg/L 0.4% rq!/ 99.20
19-Sep-90 0.500 mg/I. 0.497 fg/t 99.40
20-Sep-90 0.30 mg/I 0.820 .•m/ 102.50
20-Sep-90 0.200 m/lI 0.200 mg/I 100.00
25-Sep-9a 0.500 mg/I. 0.506 r4/L 101.10
25-Seo-90 0.500 vv/L 0.507 mg/L 101.36
25-Sep-90 0.500 mVg/L 0.5063 mg/L 101.62
27- sep-90 0.500 mg/L 0.510 mg/I 102.04
27-Sep-9o 0.500 mv/L 0.510 mg/t 102.04
27-Seo-90 0.500 mg.iL 0.517 gq/l 103.46
27Seo--90 0.500 m/IL 0.510 mg/t 102.04
27

-sep-90 0.500 mg/I. 0.519 mq/t 103.a6
2

9
-Sev-9c, 0.500 N'/L 0.523 ff/L 105,60

..................................... ....................

(Cont i ncid)
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Table F4 (Continued) SI

True Oat Measured %

Dot* Value Flag VaLue Recovery

Method: Chrorne VI by S,7196

matrix: TREATED
Ailtyt.: Chr~cmiue VI

Type of Controt SamLe: CilIbration Control S&•te. continued

29-Sep-90 0.500 m/L 0.525 ffq/L 105.00

tiurcer of Swcotxa 31 Mean % Recover" 102.1 Cv MZ 2.1

Method: Sulfate by IC (E3C0.0)

Matrix: Solid

AmtLyte: Sulfate

Type of Control Sampte: Calibration Control S•l&.

10-jul-9 40.0 /L 38.940 rI/L 97.35

0-l9040.0 mge/L 39.040 rQIL 97.60
14- Sep-90 40.0 eQ/i. 39.8"0 fq/i. 99.73

1 SEOp90 44.0 mge/L 38.820 mq/L 97.05

14-sep-90 40.0 mg/L 38.720 mg/L 96.80

KWuier of S&rp, ei a 5 Mean a Recovery. 97.7 CV M 1.2

S........ .......................................................................... . .

Method: Sulfate by IC (5300.01
Matrix: TREATED
Ar-Alyte: Sulfate C

Type of Control Sapl e: Calibration Control Sa'Ie.

14-Sep-90 ,0.0 NQiL 3/.a20 4/L. 97.05 :
14-Sep-90 40.0 meg/l 39.M eq/L 919.73
14-Sep-90 40.0 g/l. 38.720 .79/L 06. 0

14-Setp-90 40.0 nn/L 38.&20 mI/L 97.05
14-sen-?o 40.0 rq/L 38.720 rrM/L 965.80

14-Sep-90 40.0 wq/i. 38.720 mI/i 94ý. 0
4I-ep-90 40.0 NqlL 38.320 m:/L 97.oS

14-Sep-90 40.0 mq/L 39.890 n/iL 99.73

25-Sep-90 40.0 r-i.L 40.010 N./L 100.03
25-Se&p-90 20.0 fIq L IZ.1SC rv/L 94.90

(Contin~ued)
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Table F4 (Conmluded)

True .ot eiur %

Dote value Flae Value Recovery

Method: Sulfate by IC (E300.O)

Matrix: TREATED

Anily(Y, Sulfate
type of ContruL Swcle: Calibratyio Control SaLe. centitmed

28 Seo-
9
0 40.0 OIL t40.370 uigJL 100.93

.03-0t-90 0.0 Nq/L 37.670 rQ/L 94.18

03-act-9W 40.0 mq/L 37.62' q/tI 94.06
03-oct-90 40.0 mg/L 37.4•69 mvg/ L 3.67

' 03-0ct-9) 40.0 mg/L 3a.302 ffq/t 9'5.76

munpte of Salvles * 15 Mean % Recovery 97.0 CV (j) 2.4
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TabLe F6

Detailed Listing of Matrix Soike Resutts, Frontier Hard Chroe•e

Spiked

Sai•le Sanpto Spike %

Date Lab ID Lab Fraction Flag Result Result Aded Recovery

Method: Arsenic by AA (E206.2)

Matrix: Solid Swtiwatrix: T
Spiked Analyze: Arsenic

Typo of Spike - Predigestion Matrix Spike.

27-Aug-90 900oaC1 00 0.00 mg/L O.o0S mg/L 0.050 mn/L 96.00

Total MurDer of Spikes I 1 Below acceotarnce - 0
Nu.t er of Samies Used For Statistics * I Above accaptance - 0
Mean % Recovery - 96 Within acceotance - 1

Starscard Deviation v Acceptance Criteria 7n.00 - 125.00

Method: Arsenic by AA (E206.2)
Matrix: TREATED Submaitrix: X/A

Spiked ArnaLyte: Arsenic

Type of Spike - Method Spike (into ISlan').

04-Sep-90 90082CQ . 1 0.00 rq/Kg 0.046 rqg/Kg 0.050 mg/Kg 92.00

06-Sep-90 9002.04 0 0.00 x:]Kg O. 04 qng/Xg 0.050 mg/Kg 92.00

Total wumoer of Spikes - 2 ielow •ccevpts.re - 0

Mutiber of S&les Uved For Statistics * 2 Above acceotance - 0
Mean, % Recovery 92 within acceptance *

Standard Deviation - .00 Acc%,tasnce Criteria 75.00 - 125.00

Method: Chloride hy IC IE300.0)
Matrix: Solid SL.•vmstrix: N/A

Spiked Analyte: Chloride

Type of Spike - #%trix spike.

09-Jul-9,0 9C7340 039 143.0 "~/Kg 1213.7 mqi'g 1273.9 mg/ig 84.05

09-Ju•l-90 90701.0 03C 1143.0 qg/Kg 1198.7 mg/Kg 1273.9 mn/lg 82.w

14-Seo-90 9O.W62 06W 248.4 mg/Kg 2687.0 mg/tKg 3500.0 nmiKg 69.67

1-Seg-90 90W0262 060 24..4 ,q!,(g 286.5 ss/xg 3500.0 rqi/g 74.86

Total Nur-r Of Spikes B ,elow occeotarice 2 2
Weiater of Swoles Used For Statistics * 4 Above eccecta'ce - 0

Statistic" CaltcuJ~a only for a•saLem wit a valid reroverywC: mot Catculable

(Cont inurd)I ~F70CI7



Table F6 (Continued)

Spiked

Samvt 0 $ le Spike %

Oate Lab 1O Lab Fraction Flag Result ResuLt Added Recnivery

Method: Chlori•e by IC (E300.0)
Matrix: Solid S4.bratrix: i/A

Analyte: ChLoride
Type of Spike: nAtrix spike. contirned

Meoon Recovery * 77 Within acceotance t 2
Standard Deviation * 6.81 Acceptance Criteria 80.00 120.00

Methcd: Chloride by IC (E3C0.0)

Matrix: TREATED Sui.sAtrix: /liA
Spiked Anatyte: Chloride

Type of Spike - matrix spike.

1l-Sep-90 9008399 0/A 262.8 mq/Xg 264S.0 rq/Er 2631.6 iIrg/g 90.56

1-Seo-90 90CS399 C&A 262.8 eq/Kg 2713.2 Eq/xg 2631.6 mg/Eq 95.77

14-Sep-90 90082024 03A Z96.0 mq/Kg 2720.0 eq/tg 2500.0 mg/Kg 96.96

14-Sep-90 900-8204 OZA 296.0 eq/Kg 2650.0 g/0r 2500.0 eq/Kg 94.16
03-Oct-90 9009103 D6A 3678.4 req/Kg 90.4.3 eq/Kg S263.6 eq/Kg 101.86

03-Oct-90 9009103 068 3678.4 eq/Kg 9152.3 rq/K; 5268.6 ••/Kg 103.90

Total Ili•De .4 Spikes a 6 lelow aeceptance - 0
Mluii:er of S&ples Used For Statistics a 6 Abve acceptance - 0
Mean % Recover-y - 97 Within acceptanci " 6

Standard Oeviation 4.93 Acceptance Criteria 80.00 - 120.00
................................... a. 5. a at ass............ . ................................5355 5 fletS

Method: Mercury by Cold Vapor AA (E24,.I)

Matrix: TREATED Subretrix: l/A
Spiked Arallyte: Mercury

Type of Spike a Method Spike (Inzo Stankr).

0
4

-Sep-90 90G8204 1 0.00 eq/Kg 0.Lm aq/tg 0.500 eq/go 97.68

Total surber of Spikes - 1 Below accentance - 0

Nuetier of S•r•les Used For Statistics I 1 Above acceotsane - 0
Mean % IReco-ery * 97 Within acceot3ce I

Starslard Oeviation s Accectance Criteria 75.00 - 125.00

Statistics calculatedl on•ly for $,rves -. t5h a •alrd recov~ry. aC: liOt Calculcble

(Cont i nued)
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Table F6 (Cootinued)

Spiked

Sai'tSe mote Spike %

Oata Lab ID Lab Fraction Flag Result Result Added Recovery

Mettod: ICP Metals by S60010

matrix: Mw EP LEACHATE Sbmoatrix: N/A

Spiked AnaLyte: Chraciu,

Type of Spike - Met, d Spike (Into Blank).

12-Jut-90 SC070.47 00 0.00 me/L 0.212 W/•I. 0.200 a-/L 106.00

Type of Spike - fctrix spike.

01-Jun-90 S005159 45A 0.00 frf/L 0.200 rg/L 0.200 ir/IL 100.00

01-Jisi-90 S005I59 450 0.00 'Yq/L 0.200 f/L 0.200 g/L 100.00

18-Jtil-90 S005189 11, 1.100 W/.L 1.300 m/IL 0.200 mg/L 1110.00

18-Jun-90 5005189 ICA 1.100 mI./L 1.330 Wf/L 0.200 mg/L 115.Co

Total Nurer of Spikes - 5 l*lov &cctroptame - 0

Murrier of Sarmles Used For Statiscies * 5 Above acceptance a 0

Mean % Recovery - 104 Within acceptan, c 5

Starulard Deviation * 6.57 Acceptance Criteria 75.00 - 125.00

Method: ICP Metals by Sý4010

M etrix: IV EP LEAC)4ATE Sut etrix: N/A
Spiked Analyte: Iron

Type of Spike * Method Spike (Into Blarnk).

12-Jut-9) 5007047 00 0.00 ffq/L 1.040 wq/L 1.000 Nq/L 104.00

Type of Spike a rAtrxi spike.

01-Jul-90 S005159 45A 0.400 mg/L 1.500 W/L 1.000 Nq/L 110.00

01-Jun-90 SOOS159 450 0.400 Nq/L 1.400 Rq/t. 1.OCO m/lL 100.00

18-Jun-90 S001W9 10A 0.230 Rq/L 1.110 WI/L 1.000 IN•/L 12.00

18-J w- 
9
0 S005189 IOA 0.230 TW/L 1.510 wq/L 1.000 mq/L 127.00

12-Jut-90 S007047 2ZA 0.059 eR/L 1.120 frq/L 1.000 N/L 106.10

12-jut-90 S007047 2=O 0.059 rR/L 1.200 mi'. 1.000 Nf/L 114.10

To-at Nurrr of Spikes * 7 Belo sCCetrw, ce u 0

NXtrtr r•f S&lv(es Used For SsatistiCs * 7 Atiov* acceptance - 1

Mean % Reco.erY - 107 Within accectsrce t 6

Staerare Oevretion • 12.10 Acceotance Criteria 75.00 0 125.00

Statte -id*cs, ''V'lte o'y for s Ite$ 't *4t a valid reCoe ry. C: 'ot *Catultl'.e

(Cont i rued)
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TabLe F6 (Continued)

Spiked
Smote• S&V(e Spike %

Date Lab ID Lab Fraction Flag Result Result Added RectOwry

Method: ICP metals by S',6010

Miatrix: MW EP LEACMATE Su.tbAtrix: W/A
Spiked Analy•t•: Lead

Type of Spike - wutrix spike.

01-Jun-90 SCO5159 45D 0.00 mg'/L 0.500 rq/L 0.500 nq/L 100.00

01-Jwi-90 S005159 45A 0.00 mg/L 0.500 xq/L 0.500 Nq/L 100.00

18-Jun-W S005189 10A NO 0.042 an/L 0.510 ,q/L 0.500 mg/L .97.00

18-Jun-90 S005189 11A xO 0.042 ff/L 0.490 mg/L 0.500 rq/L 93.30

Total mumCer of Spikes *low~ acceptance • 0

kwclver of Sitles Used For Statistics 4 4 Above acceptance * 0

Mean i Recovery - 97 Within acceptance 4 4

Stanard Deviation a 2.92 Acceptance Criteria 73.00 125-.00

Method: ICP Metals by SU6)10

Matrix: MW EP LEACXATE SL±matrix: W/A

Spiked A•nLyte: Wicket

Type of Spike - Rwtix spike.

01-J.n-90 SC05159 45A 0.00 mg/L 0.M00 eg/L 0.500 mg/L 100.00

01-Ju,-90 S005159 450 0.00 mq/L 0.500 qtI. 0.500 snit. 100.00

18-Jun-90 S005189 110 NO 0.015 mg'/L 0.500 t"/I. 0.500 mg/L. 98.50

18-Jun-90 S005139 lGA NO 0.015 mg/I. 0.510 m9IL 0.500 mg/L 100.50

Total mu-zer of Spikes 4 uetlo eaccesotance - 0

NIetar of Saeevles Used For Statistics a 4 Above acceptn•e* - 3

Mean % Recovery a 9 Within acceptanci a 4

Starcard Deviation a .86 Acceptance Criteria 75.00 125.00

Statistics 7 l cuLted- 'Ony for sWV*ies w'lth C v-Iid recoVeY.iC: NWt 'Catculabl

(CF7 i rued)3
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TabLe F6 (Contitued)

Spiked
SamLe Swtke Spike %

Date Lab 10 Lab Fraction Ftag ResuLt ResuLt Added Recovery

Method: lCP Metals by SW6010
Matrix: SnLid Sibratrix: T
Spiked Aralyte: Barius

Type of Spike - Method Spike (Into Btank).

27-Aug-90 9008041 00 0.00 mg/L 0.959 wqIL 1.000 sffqt 95.90

Total Numrer of Spikes = 1 )elow acceptance - 0
Kufter of SwaIles Used For $tatistics Abov acceptance - 0

Mean X Recovery = 95 Within acceptance - I
Standard Deviation * Acceptance Criteria 75.00 - 125.00

Method: IC9 Metals by S6010
Matrix: Solid Submtrix: T
Spiked Aratytoe: Ceamiua

Type of Spike - Method Spike (Into Stank).

27-Aug-90 90(w1 tO 0.00 r/jiL 0.929 qIIL 1.000 mg/L 92.9U

Total mumDor of Spikes B1 elow acceotance - 0
Number of Sailotes Used For Statistic% I Above acceptance - 0
Mean % Recover" 92 Within acceptance a I
Standard Deviation Acceptance Criteria 75.00 - 125.00

Method: ICP Metals by S'6010
Matrix: Solid SuLmmtrix: T
Spiked Aamtyte: -Chromium

Type of Spike - Moth•d Spike (Into Slank).

27-Aug-90 900&141 CO 0.00 fq/L 0.949 Nq/L 1.000 snq/L 94.9004-Oct-90 90OW62 00 0.00 mq/L 1.010 mq/L 1.000 sq/L 101.00
01-Oct-90 9'00262 CO 0.00 ffi/L 0.995 mg/L 1.000 sq/l. 99.50

Type of Spike - matrix spike.

25-Jut-90 940704.0 M 0.391 2:L 1.370 sqi/L 1.000 N/L 97.90

25-Jut-90 9007C,40 229 0.391 s/L 1.370 sq/. 1.000 s•I 97.902 - J ui - 9 0 9 0 0 7 0 4 J0 1 9 A 0. 0,5 1 mn / L 1 . 0 4 .0 m g / L . 1 .0 0 0 rrR/ t 9 5 .9 0

Stmtstis €tcuatt ony fo s~o•.s wth qI'd recov r'y.w otacube

(Continued)
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Table F6 (Continued)

Spiked

SL ,VLs S armle Spike %
Date Lab ID Lab Fraction Flag Result Result Adnced .ecovery

Method: ICP Metals by S••6010

Matrix: Solid Su±zrw~ix: T
An alyte: Chrcmirn

Type of Spike: matrix spike. contioLr.ed

26-Jul-90 9007040 199 0.081 mg/k 1.050 mg/l 1.00C mg/L 96.90

Total2J - 9 t0 er of Spikes - 7 Below acceota61ce / 0

N•uiler of Samotes Used For Statistics 7 7 Above acceptance a 0Mean % Recovery a 97 W/ithin acceptance - 7Standard Deviation * 2.07 Acceptance Criteria 75.00 - 125.00

M~ethod: ICP Metals by SWM 610
Matrix: Solid SLkm.trix: T
Spiked Analyte: Iron

Type of Spike - Method Spike (into Btaria.

0
3
-Oct-90 "0&a262 00 0.00 mg/I 9.810 mg/L 10.0 mq/I 98.10

09-01-t-90 9008262 00 0.00 3n/I. 9.930 Mg/a. 10.0 mgq/I 99.30

Type of Spike - matrix spike.

25-Jul-90 9007040 191 3.920 mg/L 13.4 mg/I 10.0 "g/L 94.80
25-Jul-90 900740 19A 3.920 mg/I 13.6 mg/i. 10.0 mg/L 96.80
25-Jul.90 9007040 22A 0.1S3 mg/I 10.2 mg/I 10.0 mg/I 100.47
25-Jul-90 90070-40 223 0.153 mg/I 10.1 mg/I 10.0 n-q/I 99.47

Total Nutvoer of Spikis 6 Below acceatance a 0
Muiatr of Samokes Used For Statistics a6 Abovy acceutence - 0 S

Mean % Recovery * 98 w~ithina acceptance *6

Stendard Deviation * 2.07 Acceptance Criteria 75.00 -125.00 '

................................... .......... 2 .....l~TZ ......~t~ttl2tS*
Statisticý calculated only for Sssr.Vits with a vatid recovea-y.mC: mot catcutable

(Cont i nued)
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Table F6 (Continued)

Spiked

Samie Sammt* Spike %
Oate Lab I Lab Fraction Flag Result Result Aded Recvery

Method: JCP mertas byK $SWW,0

Matrix: Solid Submiat~rix: T

Spiked Amatytte: Lead•

Typ>e of Spike = method Spike (into Stank).

27-Ai-90 90CWA1 00 0.00 mg/L 0.961 rf/L 1.000 mg/L 96.100.4-OcT-90 9008262 00 0.00 m9/L 0.991 mqYL 1.000 !g/L 99.10
08-Oct-90 900.2U62 00 0.00 ffq/L 0.978 rng/L 1.000 mg/L 97.80

Type cf Spike - mitrix spike.

25-JuL-90 9,0070.40 22.A NO 0.050 mig/L 0.948 mg/L 1.000 mg/L 92.30
25-Jul-N 907C40 223 NO 0.050 W.L 0.968 mi/L 1.000 mi/L 94.3026-Jul-90 907.C40 19A NO 0.100 mr/L 0.937 mg/L 1.000 frf/L 88.702

6
-jut-90 9007%04 199 NO 0.100 Tig/L 0.949 on/L 1.000 n,/L 89.90

Total WwNmer of Soikes 7 Below acceptance - 0
Nur" of $at 'tLes Used For Statistics * 7 Above acceptance - 0
"Men % Recovet-y * 94 Within acceptance - 7
Starn•rd Deviation * 3.93 Acceptance Criteria 7n.00 - 125.00

Method: ICP M~etals by SU601O

Matrix: Solid S$itantrix: T

Spiked Arm~tye: Nickel

Type of Spike - Method Spike (Into •lank,.

04-Oct-go 9•0•.62 00 0.00 ff-g/L 1.000 e•q/L 1.000 ffJIL 100.00
08-Oct-g" 90Ca262 00 0.00 rmg/L 1.020 m,/L 1.000 mcq/L 102.00

Type of Spike - matrix spike.

25-Jut-90 9007040 229 No 0.00 f/L 0.971 mg/. 1.000 N/l 96.1025-Jul-90 9007040 22A NO 0.020 N./L 0.968 mqr/L 1.)00 rilk 95.80
26-jui-90 9007304 19A 0.166 nq/L 1.100 Ng/L 1.000 -IL 9";.4026

-jut-90 9007040 19 0.166 eq/L 1.130 mN/L 1.000 rfI/L 96.40

Totsl WNu.%>"r of SpIke% b Below acceocatmce a 0
Nutoef, of Simmoles Used For Statistics 1 6 Above bccevtance w 0
Mean % Recovery x 97 Within accep:arce '6

Statistics calcutated only for sairotes with a valid reccvery.mC: Not CaLcuiabic

?.

(Continued)
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Table F6 (Continued)

....................................................... ...............................................................
S

Spiked

S•p•Le Sarile Spike %

Date Lab ID lab Fraction Flag Resul: ResuLt Added Recovery

"Method: lOP Metals bY StA6010

Matrix: Solid Suibmltrix: T

Aralyte: Mickel

Type of Spike: matrix spike. contirt.*d

Standard Deviation a 3.13 Acceptance Criteria 73.00 - 125.0C

Method: ICP Metals by SW6010

Matrix: Solid SL~ratrix: I

Spik'd Anslyte: Silver

Type of Spike - Method Spike (Into Blank).

27-Aug-90 90C8041 00 0.00 Rig/L 0.910 NI/L 1.000 mg/L 91.00

Total Wurtýer of Spikes - 1 Belao acceotarnce - 0

ut>er of Sinlotes Used For Statistics 1 Above acceotance - 0

Mean % Recovery - 91 Within acceotance• 1

Starard 0eviotion * Acceptance Criteria 75.00 " 125.00

Method: ICP Metals by SW6010

.~tix: SoLid S.rmatrix: W/A

Spiked Aralyte: Chrm¶iL.

Type of Spike - Method Spike (Into 8lank).

11-Jul-90 S007047 00 0.00 Mg/Xg 0.212 N/Kg 0.200 g/K9 106.00

11-Jul-90 S00704. OOA 0.00 ,l/Kg 0.210 wq/Kg 0.200 eq/Kg 105.00

26-Seo-90 9005262 00 0.00 mg/Kg 0.940 rq/Kg 1.000 mq/Kg 94.00

Type of Spike - matrix spike.

21-Msy-90 S005159 34A 312.2 eq/Kg nq/Kg 27.9 eq/Kg

21-Mvy-90 S005159 335 312.2 eg/Kg eq/Kg 27.4 mq/Kg

21-may-90 S005159 37A 85.5 eq/Kg eq/Kg 25.9 f-q/Kg

21-May-90 S005159 39A 163.6 ng/Kg eq/lg 24.3 mg/Kg

21-Nay-9o S005159 3M 163.6 mq/Kg eq/Kg 24.. mq/Kg

21-may-90 S005159 36A 85.5 eq/Kg eq/Kg 25.6 mq/Kg

29-May-90 S005184 lOA 10.7 eq/Kg 29.1 mq/1g 19.6 tq/Kg 93.88

29-way-90 S0O51& 11A 10.7 eq/Kg 30.2 eq/Kg 18.3 mq/Kg 103.72

02-Jun-9g1 S005164 25A 11.6 mq/Kg 30.2 Nq/Kg 19.4 eq/Kg 95. .&

........... ................................. ........................................... .......... ......

Statistics calculated only for samtes -1th a valid re-overy.AC: Not Calculable

(Cont inued)
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Tab'e F6 (Continu-ed)

Spiked

Sainve Saffiote Spike %

Date Lab ID Lab Fraction, Flag Result Result Added Recovery

m~ethiod: ICP M4etals by SU6010
M~atrix: Solid S~.*ttrix: N/A.

Analyze: Chromuvi

ty;pe of Spike: Rmtrix spike. contimied

02-.Jug-90 S005134 25D 11.6 rq/Kg 28.1, mg/Kg 18.0 rq/tg 9'1.67

15-jun-90 SOCS.36 OSA "..6 mgK 108.0 mq/Kg§ 26.4 mg/xg Z40.15

15-jui.90O S005186 05D "..6 qg/Kg 57.9 Ni/Kg 25.0 mg/K.g 53.20

17j~-0S0101A586.2 rrq/Kg nVltg 721.0 M/qlt

17-jui~-90 SC05190 09A 586.2 ffl~ ii/Kg 25.5 mgl~g

13-Juz,-90 S00S190 28A 48.6 mg/4g U.2.6 fng/Kg 31.4 Rq/K; 108.28

18-.hr.-90 S005190 27A 48.6 ffq/xg 105.7 ii./(g 29.5 mg/tg 193.56
19-Jr.-90 5005247 Z5A 1595.5 ffq/Kg mg/Kg 24.0 sfq/Kg
19-JjunqO S005247 28A 4530.5 ffqlrK mq/Kg 27.9 mg/Kg

19-ju,-940 S005247 27A 4530.5 mq/Kg mg/Kg 26.0 Nq/Kg

l9-ji~n-90 SOCSZ47 26A 1595.5 mg/Kg sq/Kg 22.4 mg/Xj

19-Jun-90 Sc05247 29A 4650.8 Nq,'tg ffq/Kg 26.5 sq/Kg

19-jlui-90 S005247 30A 4650.8 eq.IKg ffqKg 27.6 mg/Kg 178
11-juL-90 500704-6 12A 4166.0 sq/Kg 6616.9 1mg/Kg 2271.6 mq!Kg 178

11-juL-90 5007C,46 13A 4166.0 ffq/Kg 43Z4.5 1mg/Kg 2198.7 rqi~q, 9.94

11-JuL-90 S0070.46 15A 3350.0 mgitg 4.691.5 sq/Kg 2173.5. sq/ Kg 61.71
11ji9 S0070". 16A 3350.0 oq/rg 72 70. 1 mq/Kg 2071.9 sq/Kg 189.29

11-juL.90 S007046 104, 1256.0 ffq/Kg 1759.0 ffq/Kg 572.4 Rig!K g 82.63

11-Jut-90 S007046 09A 1286.0 sfq/KgQ 2137.6 sq/Kg 544.6 Rq/Kg' 156.37
12-Jut-90 S007047 13A 5.8.0 sq/Kg 149.7 mn/tg 72.3 sfq/<9 35.314

12-JuL-90 SCO7047 010 551.0 sq/Kg 821.6 mg/Kg 227.7 sqg/Kg 118.84

12jt9 C77CA551.0 'sq/Kg 752.0 sq/Kg 233.5 sq/Krg 86.08
12-Jul-90 SC07047 I130 88.0 .q/tg 43.8 mg/Kg 69.8 sq/Kg 79.94.

12-jul-90 S007047 070 28.0 1mg/Kg 71.8 rq/Kg 38.9 mq/VKg 112.60
12-Jut-9-0 500704.7 07A 28.0 sqg/Kg 64.1 sq/Kg 35.5 rn/Kg 101.69
17-Ju-90 =0747 04.0 4.8.0 sq/K9 154.9 sq/Kg 91.3 -v/Kg 117.09
17-Jul-90 SC007047 0/ A 48.0 mg/Kg 145.7 svq/Kg 93.5 sq/Kg 104.49

17-JuL-90 S00707 164 231.0 NQ11(g 457.5 sq/Kg 122.5 mglKg 18,4.90
17-Jut.90 5007047 160 ':31.0 Rg/Kg 355.4 sq/Kg 117.3 mq/Kg 106.03
24-Jul-90 9M07040 03B 1223.0 sq/Kg 4440.0 N-/Kg 3750.0 mq/K2 95.79

24-Jut-90 90307040 03A 122-3.0 eqitg 4030.0 ffq/Kg 3000.0 mgjtg 93.57
26-ý.ub9O SC07,047 ICA 7699.0 mqlKg 1133.4.4 Rv/Kg 6764.5 ffq.'r 53.74

t-26-Jut-90 S007047 100 7699.0 eq/Kg 11234.5 Oq/Kg 6T76.0 mq1%g 52.18

Tots( oMUror of Soiel 45 setow acenet~mce - 19
N..pce of Se V~es Used For Statistics 31 Abov~e acceataome - 5

Statistics Catcutated o.ity for savmcies with a vsuld rtcovet-y.mC.- Not Cmlcui~ble

(Cont rur-,)
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Table F6 (Continued)

Spiked
SwVLe Samote Spike

Date Lab 10 Lab Fraction Flag Result Result Added Recovery

Method: lCP Metals by SI.,6010
Matrix: Solid Sutbftrix: N/A

AfiaLyte: Chromium

Type of Spike: matrix spike. contir•e<d

Meon % Recovery - 105 Within acceptance - 7

Starnard Deviation 4 ,.6.38S Acceptance Criteria 73.00 - 125.00

Method: ICP Metals by SýW,010

Matrix: SoliJ Sutristrix: i/A

Spiked Analyte: Irom

Type of Spike - Method Spike (lnto Slank).

11-Jut-90 S0070.46 00A 0.00 mg/Kg 1.021 rq/Kg 1.000 0g/K1g 102.10

11-Jut-90 SCO70.47 00 0.00 mg/lg 1.0.40 mqleg 1.000 Mg/Kg 104.C3

26-teo-90 90.8262 00 0.00 eq/Kg 9.560 mr/Kq 10.0 mg/Kg 95.60

Type of Spike - matrix spike.

21-•ay-90 505159 3M 2"O,,.2 ,q/Kg mg/Kp 142.8 mg/Kg

21-May-90 S005159 35A 10.5 rl/Kg mg/Kg 137.1 mq/Kg

21-May-90 5005159 39A 57U.6 rg/Kg mg/Kg 121.4 rqI/Kg

21-May-90 S00S159 37AS 244'01.2 mrli/g mg/Kg 129.6 rn/Kg.

21-May-90 S005159 3.A 57U3.6 rqxg rlg/Kg 124.1 mg/Kg

21-May-90 S005159 34A 10.5 g/1Kg 11.1 eq/Kg 139.3 mRg/Kg 0.43

29-May-0 S051.U 11A rmg/Kg 15900.0 qg/Xg 93.9 mg/Kg

29-May-90 S00513, I. A mg10 ig 151CO.0 q/Kg 97.9 mg/Kg

02-J•n-90 S005154 25A rqg/Kg 10200.0 mlg/Kg 96.8 mg/Kg
02-J.,L-90 Z008514 2M0 mg/Kg 15900.0 mglKg 93.9 mg/Kg

15-Ju.m-90 S005186 05.A 23873.4 eq/Kg ig/Kg 97.8 mq/Kg

15-Jn-90 SGC5186 050 23873.4 flfqKg mg/Kg 92.6 mt/Kg

17-J•u•-90 SO05 190 09A 6096.6 ng/rg mg/Kg 127.5 mg/Kg
17-Jun-90 S005190 lO 6096.6 m,/Kg mg/Kq 713.4.3 m•g/Kg
18-J ien-90 S005190 2?A 24.6AS.0 mg/Kg ,mg/Kg 156.9 mglKg

18-Jun--QO S005190 27A 244.685.0 mgR/g mg/Kg 147.4 qg/Kg

19-Jun-90 S005247 27A 30101.8 mg/Kg mg/Kg 130.0 m,/Kg

19-Jun-90 S005247 Z•A 30101.8 mg/Kg mg/Kg 139.6 rq/Kg

19-J r,-90 S005247 29A 31938.3 mng/KQg mgKlg 132.4 mg/•g

19-Jun-90 S005247 25A 34577.3 m/Kg mg/Kg 120.1 mg/Kg

19-Jun--9M3 S005247 26, 34577.3 mg/qKg g/Kg 111.7 mg/Kg

Sistist1$ caltculted: only bor ¶Mres wtit a ali~i reco-•eryat: Hot Ca1cutac)le

(d onn t" c ud
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TabLe F6 (Continued)

Spiked
SwwaLe SSpe Spike %

Date Lab 10 Lab Fraction Flag Result Iesult Added Recovery

Method: I[P Metala by S,6010
matrix: SoLid Su.~matrix: W/A
An&Lyte: Iron
Type of Spike: matrix :.,ike. cntinu

19-Jun-90 S005247 30A 31918.3 wg/Kg mg•iKg 137.9 mg/Kg
11-Jul-90 S007046 12A 20927.0 ffI/g mg/Kg mg/Kg
11-JuL-90 S0070"6 15A 21425.0 mg/Kg mg/Kg mg/Kg
11-Jut-90 S007r4..6 09A 1351.0 mn/Kg mg/Kg mg/Kg
12-Jul-90 S007047 01A 7179.0 m•/Kg 9.3.4 rq/Kg 2335.3 mg/Kg 96.96
12-Jul-90 S007047 010 7179.0 mg/Kg 8725.1 mg/Kg 2276.6 mg/Kg 67.91
17-JuL-90 SCO'7O.47 16A 6897.0 mg/Kg 10201.7 mg/Kg 3674.2 mg/Kg 89.94
17-JuL-90 S007047 160 6897.0 fg/Kg 10135.0 mg•/Kg 3519.0 mg/Klg 92.01
26-JuL-90 S007047 100 28471.0 mgq/Kg 40022.2 ,V/Kg 13552.0 mgl;g 85.24
26-Jul-90 S007047 IOA 28471.0 mg/Kg 37857.2 mg/Kg 13529.0 mg/Kg 69.38

Total gurcer of Soikes 34 •SeLo accettarce - 27
Muyiber of Swmles Used ior Sta:istics * 10 Above acceptance - 0
Nean % Recovery x 80 Withirn acceptance -17

Standard Deviation - 30.65 Acceptance Criteria 75.00 - 125.00

Nethcdl: lOP Metals by S-,j6010

PMatrix: Solid Sutratrix: N/A

Spiked Analyte: Laed

Type of Spike - Oathad SOike (Into MarIk).

11- 'ul-90 S007•4.6 0OA 0.00 mg/Kg 0.518 mg/Kg 0.500 mg/Kg 103.60
11-Jul-90 S0070.7 00 0.00 mg/Kg 0.531 mg/Kg 0.500 mg/Kg 106.20
26-Sm-90 9 62 DO 0.00 mg/Kg 0.908 mg/Kg 1.000 mg/Kg 90.80

Type of Spike - Retrix spike.

21-,ay-90 S005159 MA 6.900 rq/Kg 69.6 mg/Kg 62.0 m/Kg 101.13
21-mey-90 S005159 34A 0.00 mg/Kg 1.700 -q/Kg 69.7 mg/Kg 2.44
21-may-90 SC05159 39A 6.900 mg/Kg 69.0 rm/Kg 60.7 rmg/4g 102.31
21-a,-9G SC005159 35A 0.00 mg/Kg 1C2.5 mg/Kg 68.5 air•g 149.6,.
21-. ,,-90 S005159 36A 56.4 eq/Kg mg/Kg 71.4 mgq/Kg
'11-wmy.9(J S005159 37A 56.4 Rg/Zg r"g/KS 64.8 mg/Kg
29-miay-90 $005181. iOA 43.4 mg/lcg 79.1 ffqlKg 49.0 mg/Kg 72.86
29-maey-90 S00518.4 111A 43.4 mng/Kg 99.2 ffq/Kg 46.9 mg/Kg 118.98
............................................... .................... .................. ............................

StatlltitS cilculate-d only for smotVes wt~h a valid reovier-y.mC: aet Calculable

i'

FContirvuedý
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TabLe F6 (Continued)

Spiked

Samode "amte Spike %
Oate Lab 10 Lab Fraction Flag Result Result Added Recovery

Method: ICP Metaes by S6010
Matrix: SoLid SAcratrix: N/A
Artas yte: Lead

Type of Spike: matrix spike. contirued

02-Jun-90 S005184 25A 14.9 mg/Kg 61.9 mg/Kg 48. •q/•Kg 97.11
02-Jun-90 S005184 250 14.9 eq/Kg 55.8 eqKg 44.9 mqlKg 91.09
15-Jun-90 S005136 050 31.4 mq/Kg 104.5 meq/Kg 62.6 eg/Kg 116.77
15-Jun-9(i S005186 OSA 31.4 me/Kg 106.4 mg/Kg 66.1 mg/Kg 113.46
17-Jun-90 S005190 09A 7.100 mq/Kg 69.8 mg/Kg 63.8 eg/Kg 98.28
17-Jun-90 SCO5190 10A 7.100 mg/Kg 69.7 eg/Kg 60.9 mq/Kg 102.79
18-Jun-90 SC05190 2eA 30.6 eq/Kg 109.3 me/Kg 73.5 eq/Kg 100.25
18-Jun-90 S005190 27A 30.6 -T/Kg 107.2 eq/Kg 73.7 eq/Kg 103.93
1

9
-Jun-90 S005247 30A 332.6 eg/Kg eq/Kg 69.0 rq/Kg

19-Jun-90 S005247 27A 332.6 me/Kg mJlKg 66.2 me/Kg
19-Jun-90 S005247 26A 3.47.1 eq/Kg ng/Kg 55.9 mg/Kg
19-Jun-90 S0C5247 28A 79.1 eq/Kg 297.3 mg/lKg 69.8 eq/Kg 312.61
19-Jun-90 S005247 27A 79.1 eq/Kg 359.8 eq/Kg 65.0 e:/Kg 431.85
1

9
-Jun-90 SC05247 25A 347.1 eg/Kg 414.5 eg/Kg 60.1 Rq/Kg 112.15

11.JuL-90 S0070" 16A 4.,.0 eq/Kg 1517.8 eg/Kg 1380.6 Nq/Kg 77.73
11-Jul-90 S00704•6 15A 44..C Me/1g 15483.5 mg/g 1449.2 eq/Kg 74.10
11-Jul-90 S007046 09A 242.0 •q/Kg 1520.0 mg/Kg 1089.1 eq/Kg 117.34
11-Jut-0O S007046 IA 242.0 mg/Kg 1395.1 eq/Kg 1144.8 eq/Kg 100.73
11-Jut-90 S0107046 12A 356.0 mglKg 1676.1 eq/Kg 1514.4 eq/Kg 87.17
11-Jut-90 sC0704.6 13A 356.0 ,•/Kg 1538.5 mq/Kg 1465.8 eq/Kg 80.67
12-Jul-90 S007,.47 19D 28.0 eq/Kg 90.1 eq/Kg 49.0 mg/Kg 126.73
12-Jul-90 SC07047 130 58,0 eq/Kg 146.9 0/1(s 97.8 gq/Kg 90. 0
12-Jut-9o S0070.47 13A 58.0 eq/Kg 155.1 eq/Kg 101.2 eg/Kg 95.95
12-Jut-90 S007047 19A 28.0 mg/Kg 81.5 mg/Kg 52.0 eq/Kg 102.38
24-Ju-90 9007040 03a /A,;.o eq/Kg 528.0 mq/Kg 312.5 mg/Kg 21.44
24'Jut-90 9007D40 03A 461.0 eq/Kg 507.0 mg/Kg 250.0 mq/Kg 18.40
26-Jul-90 S007047 ICA 46..0 mg/Kg 703.5 Mq/Kg 1352.9 Rq/Kg 48,.60
26-Jul-90 500704.7 1r 46.0 eg/Ks 715.0 efq/Kg 1355.2 g/KQg 49.37

Total NuMrOer of Spikes % 39 Bel,•w acceotarce - 12
Wueber of Sam&les Used For StlitiStICS 3.4 Above acceptarce . 4
Mean % Recovery - 106 Within acceatarice 18
Stare4•rd Ceviation * 75.61 Accecitarce Criteria 75.CO - 125.00

................................. ... .................. .......................
Statistics cltulated only for saiples with a valid recocr'y.MC: NOt Calcula le

(Cont i rued)
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TabLe F6 (Contirned)

Spiked

Samle Samile Spike

Date Lab ID Lab Fraction Flag Result Result Addd Recovdey

Mothod: ICP Netals by SW6010
1atrix: Solid SU±atrix: li/A

Spiked Anal, yte: MickeL

Type of Spike method Spike (into Blank).

11-Jul-90 S007047 00 0.00 mn/lg 0.515 m/KQ 0.500 m/IKq 103.00

26-Seo-90 9"08262 00 0.00 vrj/xg 0.927 rq/Kg 1.000 b/Kq 92.70

Type of Spike = matrix spike.

21-may-90 S005159 39A 6.900 ng/Kg 71.1 tg/Ka 60.7 nV/Kg 105.77
21-may-90 S00S159 3&A 6.900 mq/1g 72.2 .,nq/Kg 62.0 m/lKg 105.32
21-may-90 S005159 35A 51.3 ffI/Kq 118.4 mg/Kg 68.5 rq/Kg 97.96

21-May-90 S005159 34A 51.3 rnr/lg 110.4 mg/K9 69.7 mg/Kg 84.79

21-may-90 S005159 36A 24.2 mg/Kg ffq/Kg 71.4 nv/Kg
21-may-90 S005159 37A 24.2 mg/Kg mgq/Kg 64.3 mg/Kg
29-may-90 S0051.4 11A 15.5 mng/cg 62.5 fm/Kg 46.9 "'/Kg 100.21

29-may-90 SC05184 I1A 15.5 fJg/x 65.1 mg/Kg 49.0 mg/Kg 101.22
02-Jun-90 S005184 25A 10.6 ff/Kg 60.9 RI/Kg 43.4 mg/Kg 103.93
02-Jun-90 SC00518I. 250 10.6 mg/Kg 57.7 mq/Kg "4.9 mg/Kg 104.90
15-Jun-90 S005136 OSA 18.C mg/Kg 84.0 mg/Kg 66.1 mg/Kg 98.64
15-J.Jn-90 S00516 050 18.8 mg/Kq 79.4 mg/Kg 62.6 mg/Kg 96.81
17-Jwn-90 S005190 09A 6.600 mgq/Kg 68.9 mg/Kg 63.8 rq/Kg 97.65
17-Jun-90 S005190 1OA 6.600 mg/Kg 71.0 mg/4g 60.9 mg/Kg 105.7n
18-Jun-90 SO05190 27A 20.3 mq/Kg 96.2 mg/Kg 73.7 mg/Kg 102.99
18-Jun-90 S005190 23A 20.3 mg/Kg 99.8 mg/Jg 78.5 mg/Kg 101.27
19-Jun-90 S005247 30A 40.8 mv/Kg 132.4 mg/Kg 69.0 mg/Kg 132.75

19-Jun-90 S005247 27A 32.1 mq/Kg 97.7 mr/Kg 65.0 mg/Kg 100.97
19-Jun-90 5005247 21A 32.1 mgiKg 1C0.6 mg/Kg 69.8 mg/Kg 109.60
19-Jum-90 S005247 25A 37.7 eq/Kg 102.8 Ne/Kg 60.1 mg/K; 108.32
19-Jun-90 S005247 29A 40.8 mg•Kq 100.6 req/Kg 66.2 mg/Kg 90.33
19-Jun-90 S005247 26A 37.7 mg/Kg 7.8 Ma/qKg 55.9 mg/qg 73.52

12-Jul-90 SOC7047 13A 23.0 Ne/Kg 113.2 mr/lK 101.2 re/Kg 89.13
12-Jul-90 S007047 130 23.0 mg/Kg 109.1 mg/Kg 97.8 mg/Kg 88.02
24-Jut-90 9007040 038 32.5 mq/Kg 65.6 mg/Kg 43.8 Me/Kg 75.57
24-jut-90 9007040 03A 32.5 m!/Kg 66.7 Neq/Kg 35.0 feq/Kg 97.71

Total teurr of Soikes 25 Below accectance x 3
mu-er of Sanotes Used For Statistics 26 Above acceotance 1 I
meean % Recovery 98 Within scceotar,-ý- 22

S tatistics ca zculated only for sa reels wv th a valid tecovery.MC: uoe 0.;cula~te

(Continued)
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Table F6 (Continued)

Spiked

Sampl• Senate Spike %

Date Lab ID Lab Fraction Flag Result Result Added Recovery

Method: ICP Metals by SW6010

Matrix: Solid SL.bmstrix: W/A

Analyte: Wickel

Type of Spike: matrix spike. ccntir&*.ed

Starnard Deviation * 11.51 Acceptance Criteria 75.00 - 125.00

Meth•d: ICP Metals by S•,6010

Matrix: TREATED S&±bastrix: MVW

Spiked Anatyte: Chromium

Type of Spike - Method Spike (Into Blank).

19-Sep-90 9008204 0 O.CO Rq/L 0.963 mg/L 1.000 eq/L 96.30

19-Sep-N0 900a327 - 0.00 eq/L 1.010 efq/L 1.C00 mg/i. 101.00

26-Sep-90 0009182 00 0.00 mq/i. 0.9.2 nn//L 1.000 mg/L 94.20

Type of Spike Rertrix spike.

19-Seo-90 1009;C'5 19C 0.042 mq/L 0.Z35 eq/L 0.200 eq/L 96.50

19-Seo-90 9009045 198 0.042 m-i/L 0.2,2. e/•/L 0.200 mgi/L 91.00

19-Sea-90 9C00399 21C -5X 0.066 mV/i 0.271 mg/L 0.200 mg/L 92.50

19-Se,-90 90C8399 218 <Sx 0.086 fq/L 0.269 e•/L 0.200 q/i. 91.50

Total sumoer of Spikes * 7 Below acceptance - 0

WNuner of Saimles Used For Statistics * 7 Above acceptance - 0

Mean % Recovery - 94 Within acceptance * 7

Standard Deviation a 3.52 Acceptance Criteria 75.00 - 125.00

Method: ICP Metals by S.6010

Matrix: TREATED S~ibtmtrix: mW

Spiked Analyte: Iron

Type of Spike - Method Spike (Into Blank).

19-Sep-90 90108327 0.00 eq//L 9.810 eq/i 10.0 mg/I 98.10

20-Sev-90 9008204 0 0.CO m/qL 9.610 mq/L 10.0 xq/L 96.10

Total Niugirer of Spikes - 2 Below acce•p•nce - 0
Nutier of Sartves Used For Statistics * 2 Above acceptance - 0

Mean % Recovery * 97 Within accectance *.2

Statistics calculated• onlty for saes .i~th a vali{d recovery.wC: Not Calcutable

Con3t i rAced
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Table F6 (Contirned)

Spiked

Smole Samle Spike %

Date Lab 10 Lab Fraction Flag Result Result Added Recovtry

Method: ICP Metals by S',,6010

Matrix: TREATED Submutrix: MWI

Anatyte: Iron

Type of Spike: Method Spike (Into Slank). continued

Sta•,dard Deviation * 1.41 Acceptance Criteria 75.00 - 125.00

Method: ICP Metals by SI-6010
Matrix: TREATZD Subr•.trix: MW

Spiked AraLyte: Lead

Type of Spike - Method Spike (Into Blank).

19
-Seo-90 900327 0.00 mg/L 0.991 mg/L 1.000 //L 99.10

19-Sep-90 900204 0 O.00 mg/L 0.935 W/t 1.000 mg/L 93.50

To13j mur'er of Spike% - 2 Beowi acceptance - 0

uiibzr of Swgoetel Used For Statistics 2 2 Above acceptance - 0

mean % Recover'y 96 Within accetance 2

StarIdard Deviation * 3.95 Acceotance Criteria 75.00 - 125.00

Method: ICP Metals by SI.6010

Matrix: T11ATED Su.bmetrix: M

Spiked Aettyte: Nick*(

Type of Spike - method spike (into Slank).

19-Se,-90 9008327 - 0.00 mg/L 1.000 mg/L 1.000 mg/. 100.00

19-Sep-90 9 20.4 0 0.00 mg/L 0.951 R./L 1.000 mg/L 95.10

Total munper of Spikes . 2 letow acepetance - 0

Numer of Salles Used For Statistics 2 2 Above acceptance - 0

mean % Recovery - 97 Within Acceptance 2 4

Standard Deviation 3.46 Acceptance Criteria 75.00 - 125.00

StatistIcs calculat ed only for saitles dith a valid recover-y.NC: Wot CaLculaoie

(Cont i riupd)
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Table F6 (Continued)

Spiked

S a Salole Spike %

Date Lab ID Lab Fraction Flag Result ResuLt Added Recovery

Method: ICP Meteal by Swd6010
matrix: TREATED Stniabtrisx: T

Spiked Ar-alyte: Barium

Type of Spike - Method Spike (Into Blank).

0h-Seo-90 9O08204 0 0.00 mg/L 0.983 mqIL 1.000 mg/L 98.30

Total Nuriber of Spikes I 1 oetw acceptance - 0
Murwer of Swtles Used For Statistics a 1 Above ecceotance -0

Mean % Recovery v 98 Within acceptance * I

Stat•iar-d Deviation - Acceptcare Criteria 75.00 - 125.00

Method: ICP Metals by SW 10

Matrix: TREATED Sbietrix: T
Spiked AnaLyte: CadmIu5

Type of Spike - Method Spike (Into Stanr).

0'Sec-90 90804 0 0.00 sa/L 0.987 rq/L 1.000 T./L 98.70

Total NTier~r of Spikes - 1 BeLow acceptacre - 0
Numier of Satvotes Used For Statistics 1 Above acceptance - 0

Mean X Recovery a 98 Within accetance I 1

Standard Deviation Acceptance Criteria 7.00 125.00

Method: ICP Wetats by S'.,010

Matrix: TREATED Sutmatrhx: T

Spiked A"n yte: Chromium

type of Spike - met•od Spike (Into Slant).

0-Sev-90 9 0 0.00 ml.'I 0.983 ee/t 1.000 m/IL 98.30

03-oct-90 9009152 00 0.00 N/L 1.030 mg/L 1.000 rqIL 103.00

03-Oct-90 Q9C$227 - 0.00 Pi/L 0.963 fqI•. 1.000 mq/L 96.30

Type of Svike - ýazrix soike.

0
3-oct-90 9-CC91C3 19A 9.960 rL 10.7 ff/q 1.000 't/L 74.00

03-oct-90 9009103 19 9.960 m"/L 11.0 rN/L 1.000 mg/L 104.00

........... .......................... ........................................ .............................

Statistics Cslculated crily for smvokes with a valid recO-v.-y.C: mot Catcutltie

(Cont i r,%rd)
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TabLe F6 (Continued)

Spiked

SampLe Spike %

Date Lab I Lab Fractcion F14• 2estlt ResuLt Added kef'Jvery

Method: lOP Metals by SWJ6010
Matrix: TREATED Sui.±aetrix: T
Analy'te: Chrcmium

Type of Spike: mAtrix spike. ccntirueo

Total Mu. r of Spikes Welow acceptance -

NMtnIr of Samei Used For Statistics 5 Above acceptance = 0

Mean % Recovery - 95 within occeotance * 4

Standard Deviation - 12.23 Accep:ance Criteria 75.00 - 123.00

Method: ICP Metals by SU6010
Matrix: TREATED Su::matrix: T

Spiked Anatyte: Iron

Type of Spike - Method Spike (Into lank),

0/.-Sep-90 9O0WD0A 0 0.00 fq/L .170 rrq/L 10.0 ffJ/L 91.70

03-oct-90 9009182 O0 0.00 fq/L 10.1 frq/L 10.0 mqIL 101.00
03-Oct-90 9C0&327 - 0.00 mIlL 9.610 mg/L 10.0 mn/L 96.10

Type of Spike - matrix spike.

03-Oct-90 90]09103 19 114.0 vq/L 1T4.0 mI/k 10.0 mq/L 100.00
03-Oct-90 9009103 19A 114.0 mvIL 122.0 Iq/L 10.0 mI/L 80.00

Total NLru, of Spikes = 5 lelow acceptarce - 0
NMuYer of Samites Used For Statistics 5 S Above acceptance - 0
Neain % Recovery - 93 Uithin acceptance - S

Sta•dard Deviation * 8.52 Acceptance Criteria 75.00 125.00

Method: ICP Metats by SW•W010
Matrix: TREATED Sut-mtrix: T

Spiked Ansayte: Lead

Type of Spike a method Spike (Into cLamt).

04.-S.-90 900a2• 0 0.00 mqlL 1.010 mI/L 1.000 mI/I 101.00

03-Oct-90 90OU327 - 0.00 mfqlL 0.935 Pq/L 1.000 mq/L 93.50
03-oct-90 90091&2 00 0.00 fmI/L 1.050 rm/L 1.000 mI/L 105.00

Statistics cl:,ulated only for sbrvtes with C valid recoverty. iC: Cot Calculable

(Cont inu•d)
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TabLe F6 (Continued)

Spiked
Sate~l Swipie Spike %

Date Lab 10 Lab Fraction Flag Result Result Aded Recovery

Method: ICP Metals by SW610
Matrix: TREATED Sut.mtrlx: T
Anilyte: Lead

Type of Spike: eAtrix spike. c on tinued

Type of Spike a ratrix spike.

03-0ct-90 9009103 199 0.250 fq/L 1.150 ffq/t 1.CJ0 mg/L 90.00
03-Oct-90 9009103 19A 0.250 ffq/L 1.130 ffig/L 1.000 StilL 88.00

Total Alurber of Spikes * 5 Below acceptance - 0
Wunber of Sarvies Used For Stat~stics * 5 Above acceptance - 0
peon % Recovery 2 95 within acceptonce - 5
Staidlard Deviation 7.26 Acreprarute Criteria 75.00 125.00

MNthd: lOP Metals by SU6010

Mtricx: TREATED Sutb'trix: T
Spiked Analyte: Nickel

Type of Spike - Metho.d Spike (lrito Blank).

O1
,-Sev-90 900a204 0 0.00 r9//L 1.000 fq/L 1.0C00 PV/L 100.MO

03-0ct-90 90227 - 0.00 m't/L 0.951 sti/L 1.000 sti/L 95.10
03-0ct-90 90091r_.2 00 0.00 mg/L 1.020 sni/L 1.000 mg/L 102.00

Type of Spike % matrix spike.

03-Oct-90 9009103 19A 0.4.91 m'g/L 1.34.0 Nt/L 1.000 ,g/L 84..90
03-Oct-90. 9009103 199 0.491 g/IL 1.350 mg/L 1.000 mg/tL 85.90

Total NunDer of Soikes 5 Below acceo•tnce * 0
Nutter Of Saimles Used For Statistics 5 Above acceitance ' 0

Mean % Recovery 93 Within acceotance • 5
Standard Deviation A 7.. Acceptance Criteria 7S.00 " 125.00

(Cont i nued)
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TabLe F6 (Continrued)

Epiked

S&'spte Smioe Spike %

Date Lab 10 Lab Fraction FLag Result Result Added Recovery

Method, IrP Mttala by SI6010
Matrix: TREATED Su.±trix: T

Spiked Analyte: Silver

Typ•e of Spike - Method Spike (Into Blank).

06-Sep-90 900204 0 0.00 mq/L 0.939 'q/L 1.000 RV/L 93.90

Total Number of Spikes * 1 Below acceptance - 0
Nuriber of Sminptes Used For statistics I Above mccevtsrice - 0
Mean*% Recovery a 93 Within acceptance - 1

Standard Deviation - Acteptance Criteria 75.00 - 125.00

Method: ICP Metals by S]6010
Matrix: TREATED Siab•atrix: N/A

Spiked Anklyte: Chromiu%

Type of Spike - Method Spike (Into Stnak).

28-Sep-90 90091&2 00 0.00 mg/Ke 0.356 eq/Kg 1.000 mg/Kg 85.60

Type of Spike - mtrix spi:e.

26-Seo-90 90399 21C 954.0 eq/Kg 798.0 m/gwq 110.0 f/fqKg 596.36

26-Sep-90 O00O399 213 954.0 eq/Kg 512.0 eq/Kg 103.0 rg/Kg 429.13
03-Oct-90 9=20/ 03A 1610.0 mg/Kg 3680.0 "g/Kg 2703.0 ng/Kg 75.47

03-Oct-90 900204 02A 16-40.0 e'm/K•g 3920.0 sq/Kg 2773.0 mg/Kg &2.07

Total Nuoer of Spikes 5 ReLo acceptance - 2

Numrer of Smotles Used For Statistics 5 5 Above acceotgrce - 0

Mean Z Recovery -- 156 Within accevtance * 3
Stansard Deviation 330.58 Acceptance Criteria 75.00 125.00

Statistics catc.Lated o•ily for sw'vtes withr a valid reCoverY.MC: Not Calculable

(Continued)
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Table F6 (Continued)i'•

Spiked
S wn e Sapte spike

Date Lab 10 Lab Frrction Flag Result Result Added Rozcvvf'y

Method: ICP Mittals by SW.6010

Matrix: TREATED SuLUmtrix: N/A

Spiked Anayte: Iron

Type of Spike - Method Spike (into Blank).

28-Sep-90 900982 00 0.00 rq/Kg 8.5,10 mq/Kg 10.0 q/VKg 85.50

Type of Spike - matrix spike.

26-Sep-90 900539 211 116000 mgtlK 31100.0 an/Kg 1030.0 ml/Kg 8242.72

26-Sep-"0 90t*299 21C 116000 nqlIq 207-0.0 rm/•.g 1100.0 mn;/Kg 8663.4

03-Oct-90 90CP.204 02.A 104.0 •eglKg 314.0 fqf/Kg 231.5 mi/Kg 90.71

03-Oct-90 90082C4 •LA 104.0 mgl/g 3X8.0 ng/Kg 255.2 mg/Ig 79.94

Total Number of Spikes B 5 8elow acceptarce - 2
Wu r of Sam•l" Used For Statistics 5 Above acceotarme - 0

Mean X Recovery a- 3330 Uithin accectanct * 3
Steandrd Devylatir 46 -679.1 Acc;.-.tarce Criteria 75.00 - 125.00

Method: It, Metals by s1w6010,

Matrix: TREATED Sub~atrix: N/A
Spiked ArLyte: Lead

Type of Spike - Method Spike (Into qStank).

28-Sep-90 9009182 00 0.00 mg/K; 0.873 mr/rIg 1.000 a%;/Kg 87.30

01-Oct-190 9009182 00 0.00 mg/rg 0.471 mg/Kg 0.500 mg/Kg 94.20

Type of Spike - matrix spike.

26-Sep-90 9O05399 21C 110.0 mg/Kg 151.0 ml/Kg 110.0 Mg/Kg 37.27 i
26-Sep-90 90CA399 218 110.0 mg/Kg 258.0 mg/Kg 103.0 mg/Kg '(3.69

Total Nunioe- of Soikes 4. Betow acceotance - 1
Murier of Saenies Used For Statistics 4 4 Abve acceptance 2 1
Meon Z, Recovery * 90 within acceotance - 2

Starwsard Deviation 4 43.53 Acceoterice Criteria 75.00 - 125.00

Statistics caltcultea wnty for s•svees with a valid recovery.,C: Not CalctulsaLe

~ f
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Table F6 (Continued)

Spi ked

Samle t$arl#. Spike

Date Lab 10 Lab Fraction FLag Result Result Added Recovery

Method: IC' Metals by SW610
Matrix: TREATED Suzrcatrix: 3I/A
Spiked AnaLyte: Nickel

Type of Spike - Method Spike (Into Stank).

28-Sep-90 9009182 00 0.00 es/Kg 0.850 mg/tg 1.000 ffn/Kg 85.00

01-Oct-90 9009182 00 0.00 mn/ig 0.4a8 R/Kg 0.500 rq/Kg 97.60

Type of Spike v mAtrix spike.

26-Seo-90 9CW99 21C 16.8 mI/Kg 107.0 m/1VA 110.0 mgq/Kg 82.00

26-Seo-90 90O0399 213 16.8 aj/Kg 108.0 mgr/K 103.0 mg/Kg 88.S4
03-0-t-90 900.04 03A 20.2 m/l~ g 23t.O mg/Kg 3153.5 mg/Kg 89.42

03-oct-90 9008204 OZA 20.2 mg/Kg 2920.0 mg/Kg 324.1.0 m•gjg 89.47

Total um:er of Spikes , 6 Ielow accetancre - 0
Mur•iter of Sawles Used For Statistics * 6 Above accemtanct - 0
Neon % Recovery & 8 Within ecceptarce 6

Standard Oeviiation 5.27 Acceptance Criteria 7S.00 . 125.00

Method: Seenrium by AA (EZ70.2)

iatrix: SoLid Su7e•trix: j
Spikedl Analyze,. Steneiti

Type of Spike x Predig•est:ion Matrix Sp•ike.

27-Aug-90 90C6041 CC 0.00 mg/L 0.04.8 mg/I 0.050 mR/I. 96.00

Total Muer of Spikes Below Acceptane - 0

Number of Srwoles Used For Statistics 1 Ahoy* acceptance - 0

Mean % Recovery * 96 Withirn acceptance I 1

Standard Oeviation Acceptance Criteria 7,.00 125.00

Statistics catculated only for swcles with a valid recovery.mC: Not CaLculable

F(9ontinud)

i' F90



TabLe F6 (Continued)

Spiked
Samte SamtLe Spike %

Date Lab ID Lob Fraction Flag Result Result Added Recovery

Method: Selenium by AA (E27•.2)

Matrix: TREATED S&.±mzwrix: W/A

Spiked Analyte: Selenium

Type of Spike a method Spike (into Blark).

04-Sep-90 90W08.4 1 0.00 sgl/g 0.488 IN/ig 0.050 mr/Kg 976.80

05-Sep-90 9008204 0 0.00 mglKg 0.050 mg/Kg 0.050 oV/Kg 100.00

06-Sep-90 9008204 0 0.00 mv/Kg 0.050 mg/Kg 0.050 mg/Kg 100.00

Total Nurmer of Spikes , 3 Below acceptance - 0

SNuroer of Saroles used For Statistics * 3 Above acceptance - 1

Mean % Reovery - 392 Within acceptance * 2

Starndard Deviation - 506.22 Acceotarice Criteria n.00 - 125.00

re'thod: Clirow Vi by S'7196

Matrix: Solid SLk3fwtrjx: T

Spiked Analyte: Clhromium Vi

Type of Spike - nwtrix spike.

06-Jul-90 9007040 191 Ngo 0.020 f/L 0.104 mag/L 0.100 mg/L 94.00

06-Jut-90 9007040 228 0.347 er/L 0.560 ar/L 0.200 viLn 106.50

06-Jut-90 9007040 19C No 0.020 mg/L 0.106 mq/l 0.100 Ig/t. 94.00

06&Jut-90 9007040 22C 0.347 mn/L 0.560 me/L 0.200 mq/L 106.50

Total Wuriber of Spikes 4, Below accepoance - 0

Mu tier of SwmmLes Used For Statistics 4 Above acce~pta4* - 0

"Mean % Recovery - 100 Within acceptance ,

Staridard Deviation 7.21 Acce-ota,'•e Criteria 75.00 - 125.00

........... ............ I ....... ............ .................................................

Stetiatics calculated oly for Ia&-oes with a valid recovery.aC: mot CaLcuLsOie

(Continued)
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TabLe F6 (Continued)

Spiked
Sammte Sampte Spike %

Oate Lab 10 Lab Fraction Flag Result ResuLt Added Recovery

Method: Chrome VI by SW7196

Matrix: Solid Su~tyrtrix: M/A

Spiked Arwiyte: Chromiua VI

Type of Spike - matrix spike.

22-JuL-90 S005247 100 18.2 mg/Kg 61.5 mg/tg 49.2 mqg/Kg 87.93

22-JuL-90 S005247 0%A 3.100 mg/Kg 70.2 %g/Kg 60.8 mg/Kg 110.30

ZZ-JuL-90 S0052(.6 220 5.510 mg/Kg 69.4 mg/Kg 61.2 mg/Kg 101.35

22-JuL-90 S005247 040 3.100 fg/Kg 70.6 mg/Kg 60.8 mg/Kg 110.99

22-Jut-90 S00524, 22A 5.510 •g/Kg 69.0 mg/Kg 61.2 mg/Kg 103.66

22-Jul-90 S005247 IA 18.2 mg/Kg 61.2 mfg/Kg 49.2 mg/Kg 87.24

26-Jul-90 9007040 03a 27.4 mg/Kg 154.6 fg/Kg 126.7 mg/Kq 100.33

26-Jul-90 9007C40 03C 27.4 mg/Kg 132.6 w/K9 119.3 mg/Kg 88.14

23-Aw-90 9008262 028 1.723 fg/Kg 6.122 nm/Kg 4.975 mg/Kg 88.4.2

23-Aug-90 9OC&262 02c 1.723 mg/Kg 6.230 mg/Kg 5.000 mg/Kg 90J14

Total Nurtrer of Spikes * 10 fliow acceotance - 0

Nu-NOer of Saivtes Used For Statistics * 10 Above acceptance - 0
Mean % Recovery - 97 Within acceotance * 10

Standard Deviation * 9.76 Acceptance Criteria 73.00 - 125.00

Method: Chrom vI by SV7196

Matrix: TREATED SLArdtrix: MW

Spiked AJatylte: Chromiun Vt

Type of Spike • matrix spike.

Z9-Aug-90 9008327 199 CsX 0.079 /I. 0.420 mg/I. 0.400 mg/L 85.25
29-Atu-90 90C•-327 19C tSx 0.079 mg/L O..48 mg/L 0.400 mg/L 82.25
11-Sep-90 900"•34 19C NO 0.020 mg/L NO 0.020 Im/I. 0.400 mg/IL 2.50

11-Sea-90 900204 193 NO 0.020 gI.L NO 0.020 mg/L 0.400 mR/L 2.50
19-Seo-90 9009103 19g N0 0.020 wq/L 1.010 mg/L 1.000 -g/L 100.00
19-Se5-90 9009103 19A NO 0.020 mg/I 1.000 mg/l. 1.000 Img/L 99.00
20-Sep-90 9009182 It.& No 0.020 Ng/L 0.199 q/l. 0.36 mg/L 52.50
20-Seo-90 9009182 14A MO 0.020 mg/. 0.327 mg/L 0. 30 mg/L B8.G6

Type of Spike - Predigestion Matrix Spike.

20-Seo-90 90CM399 1 0.243 mg/L. 0.&.4 mg/L 0.400 mg/L 100.25

.... ............................................... ........ ...............

Statistics calcuLated anly for swvtes with I valid recov'ry.MC: Not Calcutable

(Cont i nued)
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Table F6 (Continued)

Spiked

Swvive Saivte Spike

Data Lab 1D Lab Fraction FLag ResuLt Result Awed Rec.overy

Method: Chrom', VI by $,7196

Matrix: T2E.ATED Sumtrix: MW

Anaayte: ChrcmiLn VI
Type of Spike: Predigestion miatrix Spike. continued

Total Nuriber of Spikes - 9 Welow acceptance * 3
Number of Saniptes Used For Statistics • 7 Above acceptance * 0
Mean % Recovery - 86 within acceptance 4 4

Standaard Deviation * 16.91 Acceptance Criteria 75.00 125.00

Method: Chron. VI by SV7196

Matrix: TREATED Sutiwtrix: T

Spiked Anatyte: Chromium VI

Type of Spike - autrix spike.

29-Aug-90 9O06327 085C ,X 0.0 M mg/L 0.175 mg/L 0.100 mg/L 107.00

29-Aug-90 90C0327 W8' csX 0.065 mglL 0.175 me/L 0.100 mg/L 107.00
13-Sep-90 9009045 13C No 0.020 mg/L 0.504 mg/L 0.500 w/L 98.80
13-Sep-pa 9009045 133 No 0.020 mg/L 0.506 rm/k 0.500 mg/k 99.20
13-Sep-90 9c09011 133 0.689 w•/k 1.662 mq/L 1.000 mg/L 97.30
13-Sep-90 9090131 13C 0.689 mg/k 1.667 mq/L 1.000 mg/t 97.80
20-Sep-90 9009103 092 0.182 /k 0.511 mg/L 0.360 mg/L 91.39
20-Sep-90 90c9103 C9A 0.182 mg/L 0.519 mg/L 0.360 mgl/L 93.61

Total N•uber of Spikes 8 Betos acceptance - 0

Numioer of S&iles Usea For Statistics * 8 Above acceptance - 0
Mean % Recovery a 99 Within acceptance - 8
Star•ard Deviation - 5-59 Acceptance Criteria 75.00 - 125.00

method: Chroe VI by S-671%6

Matrix: TREATED Sutratrix: W/A
Spiked Anatyte: Cihromim VI

Type of Spike - Analytical.

25-Sep-90 9009011 03 0.103 mg/Kg 0.194 mg/Kg 0.099 mg/Kg 92.01
25-Sep-90 9009011 04 8.034 wm/Kg 8j.16 mg/Kg 2.558 mq/Kg 5.08

25-Sec-90 9009045 05 17.9 mrlKg 18., mgtKg 2.498 mg/Kg 33.91
27-Sep-90 9009103 C4A 3.151 mg/Kg 5.4&1 m•gKg 2.658 mg/Kg 87.92

Statistics al .cutatedc onty for 1hpl~te. wirli a vali recovery.uiC: NOt Calcutlabe

(Continued)
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Table F6 (Ccntinued)

Spiked

Samle Samie Spike %

Oate Lab ID Lab Fraction Flog Result Result Added Recovery

Methd,: Chrom VI by SW7196
Matrix: TREATED Suimmatrix: H/A

Andlyle: Clir-iuLe VI
Type of Spike: Method Spike (Into Btank). ccntirm.ued

Type of Spike - Method Spike (Into Blank).

06-Sep-90 9=0.2Q4 0 0.00 mg/tg 0.4M.8 Vq/Kg 0.500 wqIKg 97.6,

Type of Spike - watrix spike.

23-AL1g-90 90•9 04 02A <SX 0.023 QV/tg 0.074 'Q.KI• 3.995 eIg/Eg 1.29

23-Auq-90 9C020.4 03A <5X 0.023 Mg/Kg 0.0C m/Kg 3.995 r/gIg 1.53

10-Sev-90 9006399 07A 4.158 NwIg 7.306 vq/Kg 3.34. mg/Kg 81.85

10-SeVg90 9008399 CA 4.1538 •q/Kg 7.06 rg//Kg 3.842 Wg/Kg 75.53

Type of Spike a Predigestion Matrix Spike.

25-Sep-90 9009011 - 0.00 eQ/Kg 0.160 mg/Kg 0.160 ma/Kg 100.00

Total muwl~r of Spikes . 10 ael.o acceptance - 4
Mumer of Samples Used For Statistics - 6 Above ec-etence - 0

Momn % Recovery - 69 Within acceptance s 2

Standard Devitiont 63.86 Acceptance Criteria 73.00 - 125.00
..... ......... .. . ............. .. .S......... ..S. ...SSfUC..S....S.........................

Method: Sulfnte by IC (E3CO.O)

Matrix: Solid SLIbeitrix: i/A

Spiked Analtye: SuLfate

Type of Spike - mtrix spike.

10-Jut-90 9007040 03C 995.5 eq/rg 6545.5 mg/Kg 6369.4 mg/Kg 88.3.6
10-Jut-90 9007040 03a 995.5 eq/Kg 6623.9 iQ/Kg 6369.4 rg/Kg 88.36

14-Seo-90 900826.2 061 4815.1 mg/Kg 17534.1 mg/Kg 122987.0 RV/Kg 97.94
14-Sep-90 9OW262 06C ,815.1 mQ/Kg 16415.3 mg/Kg 12987.0 mg/Kg 104.72

Total mt. ver of Soikes - Below acceptance - 0
Numr of Suvles Usetd For Statistics , Above eccectere a 0

Mean % Recovery * 94 Within ccecta•n•ce * 4

Standmra Deviation = 7.98 Acceptance Criteria W0.00 120.00

Statistics Calculated• only for sin'Kles with a Valid recover-,,MC: Not Calculable

(Continupd)
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Table F6 (Concluded)

Spiked

-m5Le Sample Spike %

Date Lab ID Lab Fraction Flag Resuit ResuLt Added Recoery

Method: Sulfate by IC (E300.0)
Matrix: TREATED S4±2itrix: N/A

Spiked Areayte: SuLfate

Type of Spike - Analytical.

03-0ct-90 9009103 06A 9"9.4 rq/Kg 13922.6 mg/Kg 13171.4 Iq/Kg 98.12

Type of Spike - matrix spike.

14-Sep-90 9008284 02A 9760.0 g/Kg 22=48.0 mglKg 12500.0 m//Kg 91.30

14-Sep-90 9008599 O $900.0 mq/KO 19125.3 eg/Kg 13053.0 mg/Kg 101.32

14-Sep-90 9008204 03A 9760.0 we/xg 2444.0 rNg/Kg 12500.0 mg•/Kg 117.47

14-Sep-90 9008399 07A 5900.0 mag/Eg 19009.8 wig/Kg 13053.0 SVgKg 100.44

TotaL I&.m:er of Spikes 5 W Iow acceptance . 0

NU'r of Sampite Used For Statistics S Above acceorance - 0

Mea% Recovery - 103 UWthin acceptance - S

Standard Deviation * 8.13 Acceptance Criteria M0.00 - 120.00

. ........... .............. . . .............

Statistic. cal~culated only for suivtet with a valid reco'yNC: Not Caltulabtl

I
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Table F7

Precision Estimates by Sourre of Variability, Frontier HOrd Chrocme

Matrix M W4 EP LEACUATE, 3sbrtrix N/A

I of Rarime of Pooled pooled

parameter Pairs Means s Cv

ChramiUC by ICPES
Field Oul icate 45.5

Chro4m 0.0030 - 0.074 tv/f 0.00

Iron by S16010

field Duptlicate 49.

Iron 0.093 " 0.705 mg/I. 0.25

ICP metals by SW'610
A~rnayica 5IJ (A Inture 0.119 ffq/L 0.03 28.1

Iron 5 0.180 1.325 mv/L 0.12 20.0

Lead 
g wo. No NC CC

Nickel 
No NO O WCCk

Matrix Spike 0u~LCute

Matroix Sike 1 107.5 107.,5 mg/L 10.61 9.9

Iron 107.5 107.5 m/I 27.55 25.7

teed 1 95.5 - 95.5 mW/t. 2.3 3.0
LeadCk 1 99.5 5 9 mglW. 1.41 1.4

Nickel by S"U610
Field 0utvlicat?'

ilckd, 4 0.015 0.015 mg/L 0.00 0.0

Lead by SU610
Pie~d D~tie~te

Leld D 0.042 - 0.042 rr._/L 0.00 0.0

NC: Not Calculeote

(Cont inued)
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TabLe F7 (Continued)

matrix * SOLID; Sbmatrix sow

0 of Range of Pooled Pooled

Para.,wter Pairs Mease SO CV

Crot VI by SU71%

Analyticat DLV (At Instrunmeft)

ChromiuuVI V2 2- Mo MC MC

Fietd ODwlicate

Chromiuu VI 3 M - NO NC MC

Predigestion ODtupicate

Chromiua VI 4 NO O- C38 g/L 0.0 .1

MC: Not Ca cutla•i*

(Continued)
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Table F7 (Coctinued)

Ig.trix SOLID; 54xmtrix a T

0 of RAwge of Pooled Pooled

Parworter Psi r ,eam sto CV

Chrome VI by SW719%
AnalylicaL DuL (At Instrumimt)

CIhmiL&, V1 2 7.273 /O.L 0.7

WC: mot catcutaote

(Continuedj)
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TabLe F7 (Continued)

Matrix v SOLID; Subrtitrix W I/A
v of Rane of Pooled PooLed

Parraetr Pairs Weanu so CV

Chromium by ICPES

FieLd iuplicate

Chromiur 10 9.500 550.0 ovl/g 14.03 8.5

Chromiun by ICFES

Field Dupliicate

Chromiuzm 4 0.0030 " 0.07. ffg/lg 0.00 45.5

chLoride by IC (E300.0)

* AnityticaL Dup (At Irmstruyet)

Chtoriie 1 260.1 260.1 me/Ka 16.52 6.4

Matrix Spike ODL=Icate

Chloride 1 83.5 - 83.5 mg/0g 0.83 1.0

Iron by S156010

FieLd Dupl icate

Iron 10 6400.0 - 39500.0 mql/(g 2554.60 8.9

Iron by SW6010

Field Dupt icate

Iron 4 0.093 - 0.705 mvg/K 0.25 49.3

ICP metals by S'J6010.2

AnalyticaL Ouc (At Inlrtrumen)
Chrom IUm 7 0.0 C- 604.5 oV,/Kg 13.99 22.2

Iron 7 7000.0 - 36700.0 fq/Kg 5013.54 20-6

Lead 7 7.6Z.5 - 4.6.3 "2/Kg 3.99 21.5

Mickel 7 6.105 34.9 M/K9 2.90 19.0

Matrix Spike DLcticate

V1C: XOt CalcuLbt e

C-1
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Tabte F7 (Continued)

matrix S OLI.D; SLb:strix =/A

I of Range of Pooted Pooled

Parmeter Pairs Meaiw SO CV

Chromium 16 53.0 - 150.9 mg/Kg 50.41 45.3

Iron 5 77.3 - 10.0 g/KQ 10.51 12.9

Lead 16 19.9 - 372.2 mg/Kg 34.67 36.0

Wickel 14 86.6 111.5 mg/Kg 11.70 11.8

Percet moisture inorganic
Field Ouoticate

Percent moisture 10 4.000 39.2 fq/Kg 2.73 15.0

Nickel by SI6010
Field ODuLicate

Nickel 10 6.100 - 32.5 me/Ke 3.29 18.4

Nickel by SW6010

Field ODLpicate
Nickel 4 0.015 0.015 mg/K; 0.00 0.0

Lead by SW610

Field Duolicate

Load 10 7.050 280.0 eej/Xg 4.4.75 16.9

Lead by SU6010
Field Dualicate

Lead 4 0.042 - 0.0.2 m,,I/K 0.00 0.0

Chro~ Yi by SW7196
Analytyical Oup (At lrs•trtr~nt)

Crtror"Sum VI 22 No - 2.30 mg/Kg 0.3.4 36.5

Field Duoi icae

MbC: Not CLCULcaole

(Cont i rued)
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MriX* SLID;S&.,UttX *M/ATable F7 (Corntinued)
matrix •SOLID; Sutrntrix •W/A

0 of Rar~e of Pooted Poo ed

'. .-aetee Pairs mea'n SO CY

Chromiu VI 7 M0 47.9 mg/Kq 1.58 41.3

Matrix Spike Oticate

Predigestio 04ticatest

cOrcmum VI 1 0.063 - 0.063 mglKg 0.05 84.9

SuLfate by IC (E300.0)
Analytyical Dupl (At Instrti.en)

Sualf~ateD. A nxr1rc 1 4,816.3 - 4816.3 rg/Kg 1.73 0.0

Matrix Spike Duoticate

SuLfate 1 88. - 88.4 rq•Kg 0.00 0.0

)dC Not Catcutabig

(Coit inued)
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TabLe F7 (Continued)

Matrix TREATED; SLtymtrix WW
*zn aasmat slSU • SS • t*fl~glinsnntt I t nnfl Htl/I I Sqtflflt S***inpI ~ n • i *Stt z~ flfllt fllt

a of lange of Pooled Pot•ed

Parameter Pairs mee a- so CV

ICP NotaLt by S%4010
Anjyticsi Duo (At Irstrutwit)

Chromium 1 0.090 - 0.90 mg/L 0.07 a3.3

Iron 1 0.637 - 0.637 g/IL 0.38 59.1

Lead I Mo- No ic Mc
Mickel 1 MC- MD mC

Chrow VI by SW71;6

Anakyticat Doi~ (At Irtstru-eint)
Chromium VI ka- 0.CB0 r/L 0.04 77.9

I:

We: Not CJicu,•s•e

rCc,.t i nued)
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Table F7 (Continued)

metrix TREATED; SLbmstrix * 1

* of Rane of pooted Po(oted

Poramter Pairs Mons so cv

Condckxivit y WE20.1)
Anatt~ical Ouo (At Intrur'en-t)

co2X.Xtivity 7655.0 - 30150.0 uLios/cm 150.08 0.5

pm by sv;%s
ArALyticL Dwtjp (At Instrunemt)

"P 1 5.014 - 5.014 r./L 0.00 0.1

C.rom VI by SW7196

Anaryticat Di•o) (At Itrtruy-ent)

Chromiu VI 7 - 0.691 mo/L 0.01 6.8

WC: Mot catcuL&aLbt

(Cont inued)
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Table F7 (Continued)

Manrix TREATED; Sucrtruix W /A

Pi of Range of Pooled Pooled
Parameter Plras MrWU SO Cv

Co ncu tivity (EI20.1)
Analytical Dup (At Instrurent)

Corxlxtivity 2 19W5.0 - 26>00.0 usmoslcm 1.8 0.5

Chloride. by IC CE300.0)

Ar~lytiCat Duo (At Ir~gtr•pJe.t)

Cheorje 1 85.3 - 85.3 rq/Kg 11.08 13.0

Matrix Spike Duplicate

ChLorioe 2 93.2 95.6 m•/•g 2.96 3.2

IC, Metals by S%4010

Matrix Spike Duolicate
chrorsium 3 -512.7 - 92.0 rq/Kg 68.33 13.8
Iron 2 -6453.2 - 85.3 ng/Kg 210.53 6.8
ILed 1 90.5 - 90.5 IV/xg 75.25 83.2

2 85.3 - 89.4 i•ig/• 3.27 3.8

pM by S055
Analytical Ot. (At Irstrurtnt)

1 11.2 - 11.2 rc/Kg 0.00 0.0

Chrowe vI vy sV7196
AnalyticaL Du (At !rstruyent)

Chream vI 4 30 7.106 aQ/Kg 0.12 4.9

Matrix Soike DupLicate
c.hrrium vI 6 1.414 1 107.0 mg/#g 2.03 5.5

WC: wot Cakc.Jhos•Le

(Contir ued)
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Table F7 (Concluded)

matrix * TREATED; SkbMetrix W/A

0 of Range of PooLed Pooled

Parameter Pairs Mesoi cv

SuLfate by IC (E300.0)
Anstyticat Dup (At Instrument)

Sulfate 2 701.0 - 944.0 mg/lg 6,.64 7.5

Matrix Spike Otvticate

Sulfate 2 100.9 - 107.9 xv/ig 9.59 8.9

WC: Not Catcutbote
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